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PEEFACE 


This  volume  contains  the  first  part  of  an  attempt  to  give  an 
account  of  diseases  of  the  nervous  system,  sufficiently  concise  to 
be  within  the  compass  of  the  time-pressed  student  or  busy  prac- 
titioner, and  yet  adequate  in  its  outline  of  a  subject  which  has 
become  wide  and  deep  beyond  any  other  part  of  medicine. 
Success  in  both  aims  can  scarcely  be  more  than  approximate. 

Most  of  the  illustrations  are  printed  from  blocks  prepared  from 
original  drawings  by  phototype  processes,  and  I  am  indebted  to 
Messrs.  A.  and  W.  Dawson,  of  the  Typographic  Etching  Com- 
pany (by  whom  most  of  the  work  has  been  done)  for  the  care  they 
have  taken  in  the  reproduction. 

The  casual  reader  may  perhaps  miss  subsidiary  letters  in  the 
illustrations  of  the  lesions  of  the  spinal  cord.  The  omission  of 
these  is  intentional.  A  knowledge  of  the  structural  topography 
of  the  cord  is  the  first  requisite  in  the  study  of  its  morbid 
anatomy,  and  when  this  knowledge  is  gained,  the  figures  will  be 
understood  without  difficulty.  Familiarity  with  unlettered  illus- 
trations facilitates  the  comprehension  of  sections  of  the  spinal 
cord. 

By  an  oversight  T  have  omitted  to  state  that  Fig.  84  is  copied 
from  Leyden. 

In  addition  to  the  obligations  acknowledged  in  the  course  of 
the  book,  I  have  to  express  my  special  thanks  to  Dr.  Money  for 
various  help,  including  a  perusal  of  the  proof-sheets  and  the 
preparation  of  the  index  and  table  of  contents. 


Queen  Anne  Stbeet,  Lonbon  ; 
August,  1886. 
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DISEASES  OF  THE  NEEVOTJS  SYSTEM. 


INTRODUCTION. 

CLASSIFICATION  OF  DISFASFS  OF  TEF  NFRVOUS  STSTFM. 

A  CLASSIFICATION  of  Diseases  of  the  Nervous  System,  at  once 
scientific,  exact,  and  convenient  for  systematic  description,  is  not  at 
present  possible.  If  we  attempt  to  classify  the  diseases  according  to 
either  seat  or  nature,  we  are  met  at  once  by  difficulties  which  prevent 
any  complete  arrangement.  These  difficulties  arise  from  the  facts  that 
many  diseases  affect  more  than  one  part  of  the  nervous  system,  [that 
the  precise  seat  of  other  maladies  is  unknown,  and  that  "we  are  still 
ignorant  of  the  nature  of  a  considerable  number  of  diseases.  A  rough 
division  is  often  made  into  two  broad  classes  of  "  organic "  and 
*'  functional "  disease.  The  first  class  of  "  organic  diseases  "  compre- 
hends those  in  which  there  is  always  a  visible  lesion,  manifesting  the 
morbid  process  which  constitutes  the  disease.  The  second  class  of 
"  functional  diseases "  is  less  definite,  comprehending  (1)  those 
diseases  that  consist  only  in  a  disturbance  of  function,  and  are 
therefore  properly  so  designated,  and  (2)  many  diseases  which  have 
this  in  common  with  true  functional  disease  that  they  are  transient 
and  not  permanent,  and  that  they  are  not  known  to  depend  bn  organic 
changes.  But  there  is  also  a  large  class  of  diseases  in  which  no 
constant  lesion  has  been  discovered,  but  which  are  not  transient, 
and  cannot  well  be  placed  in  either  of  these  classes.  This  simple 
classification  is  therefore  inadequate.  It  may  be  well  to  consider  in 
what  respect  it  needs  alteration  to  meet  the  requirements  of  our 
present  knowledge. 

The  term  organic  disease,  as  commonly  used,  means  visible  disease. 
But  visibility  is  partly  relative ;  it  depends  on  the  means  of  vision. 
The  application  of  the  microscope  to  pathology  immediately  increased 
the  range  of  organic  disease,  and  a  similar  increase  has  resulted,  in  our 
own  day,  from  the  use  of  staining  agents,  which  render  visible  changes 
that  could  not  before  be  seen.  Still  it  is  the  degree  of  alteration 
that  determines  visibility.    Molecular  changes  in  nutrition,  considered 
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as  such,  must  be  colossal  to  be  detected.  Such  alterations,  not 
sufficient  to  be  seen,  but  still  considerable,  probably  constitute  the 
morbid  process  in  many  diseases  that  are  commonly  classed  as 
functional.  Hence  we  may  distinguish  a  class  of  "  nutritional  diseases  " 
from  those  that  consist  in  a  mere  derangement  of  function.  While 
distinguishing  these  two  classes,  we  cannot  entirely  separate  them, 
because  nutrition  and  function  are  mutually  dependent,  and  prolonged 
functional  disturbance  may  determine  nutritional  change. 

Visible  disease  varies  much  in  nature  and  degree.  Some  forms  can 
always  be  seen  with  the  unassisted  eye ;  they  change  the  shape,  or 
colour,  or  consistence  of  the  part.  Other  forms  can  be  detected  only 
with  the  aid  of  the  microscope,  or  may  be  seen  with  the  naked  eye 
when  considerable  in  degree,  and  only  through  the  microscope  when 
slight  in  degree.  It  is  convenient  to  term  these  "  structural  diseases.' 
Thus  we  may  distinguish  four  pathological  classes  of  disease  of  the 
nervous  system: 

1.  Organic  disease  (or  coarse  organic  disease)  ;  such  as  tumour, 
haemorrhage,  softening. 

2.  Structural  disease ;  such  as  most  forms  of  sclerosis. 

3.  Nutritional  disease;  such  as  general  paralysis  of  the  insane 
paralysis  agitans,  chorea. 

4.  Functional  disease ;  such  as  reflex  convulsions,  and  many  forms 
of  hysteria. 

In  the  first  class  the  morbid  process  always  begins  outside  the  nerve- 
elements  themselves.  In  the  second  class  it  may  begin  within  or 
outside  them.  In  the  third  and  fourth  classes  these  elements  are 
probably  always  primarily  affected. 

Such  a  classification  helps  us  to  obtain  clearer  views  of  the  primary 
relations  of  disease,  but  is  not  convenient  for  systematic  description. 
For  this  a  hybrid  system  is  necessary,  in  which  organic  and  structural 
diseases  are  classified  according  to  their  seat, — in  the  nerves,  spinal 
cord,  or  brain.  With  each  group  may  be  placed  some  nutritional  or 
functional  maladies  of  local  incidence.  The  bulk  of  such  diseases  are 
best  considered  after  the  organic  diseases  have  been  described,  since 
many  of  them  are  of  wide  distribution  or  uncertain  seat. 


PAET  I. 
GENERAL  SYMPTOMATOLOaY. 


SYMPTOMS  AND  THIIIB  INVESTIGATION. 

The  nervous  system  is  almost  entirely  inaccessible  to  direct  exami- 
nation. The  exceptions  to  this  are  trifling.  The  termination  of  one 
nerve,  the  optic,  can  be  seen  within  the  eye.  Some  of  the  nerve- 
trunks  in  the  limbs  can  be  felt ;  a  few,  as  the  ulnar,  in  the  normal 
state;  others  only  when  enlarged  by  disease.  As  a  rule,  morbid 
states  of  the  nervous  system  can  be  recognised  only  by  the  derange- 
ment of  function  that  they  cause.  The  functions  of  the  nervous 
system  are  often  roughly  divided  into  mind,  motion,  and  sensation, 
but  they  are  far  more  extensive  than  those  words  denote.  The  func- 
tions of  all  the  organs  of  the  body,  all  states  of  vessel  and  of  circula- 
lation,  and  all  processes  of  nutrition,  are  under  the  control  of  the 
nervous  system.  The  disturbance  of  nerve  function  produced  by 
disease  is  conterminoas  in  extent  with  the  organism  itself.  Our 
knowledge  of  these  symptoms  is  constantly  increasing  in  range  and  in 
degree.  They  differ,  however,  very  much  in  relative  importance. 
Some  are  more  frequent  in  occurrence  than  others,  and  are  more 
direct  in  significance.  Many  have  a  special  relation  to  certain  parts 
of  the  nervous  system,  and  may  be  considered  most  conveniently  when 
we  deal  with  the  diseases  of  that  part.  Others  occur  in  diseases  of 
all  parts.  It  may  be  well,  at  the  outset,  briefly  to  describe  the  general 
characters  of  some  of  these  most  frequent  symptoms. 

Motor  Symptoms. — Disturbance  of  motion  is  one  of  the  most 
common  of  the  effects  of  disease.  Movement  is  produced  by  muscles, 
but  the  muscles  ai-e  excited  to  contraction  by  the  nervous  system. 
Most  alterations  of  motility,  both  defect  and  excess,  are  due  to 
nerve  derangement.  The  conditions  are  very  few  in  which  motor 
changes  originate  in  the  muscles  themselves.  Defect  of  movement  is 
of  muscular  origin  only  in  some  cases  of  primary  alteration  in  the 
nutrition  of  the  muscles.  When  there  is  a  general  impairment  of 
nutrition,  the  muscles  participate  in  this ;  they  are  ill-nourished,  and 
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therefore  feeble.  Such  a  condition  is  met  with  in  chronic  wasting 
diseases, in  anaemia,  and  as  an  acute  affection  in  all  acute  febrile  diseases. 
This  is  the  chief  cause  of  the  muscular  weakness  that  so  often 
succeeds  fevers.  In  some  chronic  diseases  the  muscles  undergo  a 
primary  degeneration.  One  is  an  extremely  rare  form  of  muscular 
atrophy.  Another  is  the  disease  known  as  "  pseudo-hypertrophic 
paralysis."  A  third  is  ossification  of  the  muscles.  In  almost  all 
other  conditions,  loss  of  power  in  the  muscles  is  dependent  on  the 
state  of  the  nervous  system. 

So  also  with  increased  and  involuntary  muscular  action — spasm.  We 
know  even  less  of  what  has  been  termed  "  idio-muscular  contraction," 
that  is,  contraction  originating  in  the  muscle  itself,  than  we  do  of 
"  idio-muscular  paralysis."  Whenever  the  whole  of  a  muscle  contracts, 
the  contraction  is  probably  always  due  to  the  influence  of  the  nervous 
system,  even  though,  as  in  ordinary  cramp,  it  seems  to  us  to  be  purely 
local.  We  can  scarcely  conceive  that  all  the  fibres  of  a  muscle  can 
contract  simultaneously  except  under  central  influence.  Even  mus- 
cular "tone"  is  dependent  on  the  connection  of  the  muscle  with  the 
nerve-centre.  The  partial  contractions  that  are  termed  "fibrillary" 
are  perhaps  local,  since  they  are  readily  produced  by  mechanical 
stimulation,  sucb  as  a  tap  on  the  muscle.  But  it  is  probable  that 
fibrillary  contractions,  although  sometimes  local,  are  often  of  central 
origin.  This  is  true  also  of  the  flickering  contractions  that  are  so 
common  in  the  orbicularis  palpebrarum  and  other  muscles,  in  persons 
whose  nervous  system  is  enfeebled. 

Defect  of  movement  may  present  every  degree,  from  slight  weak- 
ness to  absolute  loss.  There  may  be  an  inability  even  to  make  the 
muscle  contract,  or  the  voluntary  contraction  may  be  too  feeble  to 
move  the  parts  to  which  the  muscle  is  attached.  This  difference  is  to 
some  extent  relative,  since  it  varies  according  to  the  mobility  of  the 
part  to  be  moved.  A  contraction  that  would  move  a  finger  may  be 
insuflB.cient  to  move  a  leg.  The  difference  may  vary  in  the  same  part 
according  to  position.  A  degree  of  power  in  the  flexors  of  the  hip 
that  will  move  the  leg  when  the  patient  is  lying  on  his  side  mav  be 
insufficient  to  do  so  if  he  is  lying  on  the  back.  Or  the  part  may  be 
moved,  but  with  less  force  than  normal.  The  term  "paralysis"  has 
long  been  applied  to  all  degrees  of  defect  of  power,  a  distinction  being 
made  between  complete  and  incomplete  paralysis.  Partial  loss  of 
power  is  also  sometimes  termed  "paresis." 

Our  means  of  measuring  defects  of  muscular  power  are  very  imper- 
fect. The  force  of  some  movements  can  be  measured  by  means  of  an 
instrument  called  a  "  dynamometer."  Several  forms  of  dynamometer 
have  been  devised,  but  that  in  general  use  consists  of  an  oval  steel 
ring,  which  can  be  narrowed  either  by  compression  applied  to  its 
smaller  diameter,  or  by  traction  applied  to  its  longer  diameter.  The 
change  in  the  shape  of  the  dynamometer,  and  therefore  the  force 
exerted,  is  shown  by  the  movement  of  an  index  on  a  scale  that  has  a 
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double  graduation,  an  inner  for  compression,  and  an  outer  for  traction. 
This  form  of  dynamometer  is  known  as  "  Charriere's  "  from  the  name 
of  its  first  maker.  An  older  form  of  dynamometer  is  that  designed  by 
Duchenne.  It  is  less  convenient  for  testing  the  grasp,  although  better 
adapted  for  indicating  the  force  of  traction.  Practically,  however,  the 
use  of  these  instruments  is  confined  to  the  measurement  of  the  grasp. 
The  estimation  of  the  strength  of  other  movements  is  difficult,  and 
liable  to  much  error.  In  examining  these  it  is  best  for  the  observer  to 
oppose  the  movement  and  note  the  resistance  that  the  patient  can 
overcome.  The  wide  variations  in  strength  among  different  persons 
renders  absolute  estimation  possible  only  when  the  defect  is  consider- 
able. Slight  changes  are  recognised  by  comparing  the  power  on  the 
two  sides.  It  should  be  remembered  that  the  limbs  on  the  right  side 
are  normally  stronger  than  those  on  the  left,  the  relation  being  about 
as  five  to  four.  Care  must  be  taken  to  secure  uniformity  of  the  con- 
ditions under  which  the  observations  are  made. 

Inco-ordination  of  Movement. — A  muscular  movement  involves  an 
exactly  proportioned  contraction  in  the  muscles  that  effect  the 
movement,  often  numerous,  and  co-operating  in  various  degrees.  It 
involves  also  a  contraction  in  the  opponents  of  these  muscles,  less  in 
degree,  but  with  equal  delicacy  of  proportioned  strength.  If ,^  instead 
of  this  balanced  adjustment,  the  contraction  varies  in  degree  in  the 
same  or  in  different  muscles,  the  movement  is  not  that  which  is 
intended — is  irregular.  An  excess  or  deficiency  of  contraction  leads  to 
a  corresponding  change  in  the  contracting  opponents.  Attempts  to 
correct  the  error  may  themselves  be  wrong  in  degree  and  increase  the 
disturbance.  This  condition  is  termed  inco-ordination  or  "  ataxy."  It 
may  be  simple  unsteadiness  of  movement,  or  the  excessive  contrac- 
tions may  be  so  sudden  and  considerable  as  to  cause  "  jerky  inco- 
ordination." It  is  readily  recognised  by  simple  observation,  or  may  be 
recorded  by  an  attempt  to  draw  a  straight  line  on  a  sheet  of  paper,  or 
to  hold  a  point  in  contact  with  a  moving  surface  (e.  g.  of  blackened 
paper)  on  which  the  irregularities  of  movement  are  shown. 

Another  method  of  obtaining  evidence  of  it  has  been  suggested  by 
Blix.  It  consists  in  making  the  patient  suddenly  try  to  touch  with 
the  point  of  a  pencil  a  spot  on  a  sheet  of  paper  suspended  before  him, 
his  eyes  being  closed  at  the  moment  of  the  attempt.  After  a  certain 
number  of  attempts  the  average  distance  from  the  spot  of  the  dots  he 
has  made  is  ascertained,  and,  compared  with  the  result  given  by  a 
normal  individual,  affords  a  numerical  indication  of  the  degree  of 
inco-ordination.  The  method  is  effective,  although  the  result  is  scarcely 
worth  the  trouble.* 

"Whenever  there  is  much  inco-ordination,  spontaneous  movements 
occur  when  the  patient  tries  to  hold  the  limb  still  in  a  certain  posture. 
The  irregularity  obtains  in  the  fixed  as  well  as  in  the  mobile  condition. 
In  the  latter  it  causes  ataxy,  in  the  former  spontaneous  movements. 

*  Blix,  '  Neur,  Centralb.,'  1884,  p.  83. 
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Sensory  Symptoms. — Deranged  sensation  is  another  very  common 
symptom.    It  has  often  to  be  searched  for,  as  a  significant  defect  may 
be  unknown  to  the  patient.    Each  form  of  sensation,  of  touch,  tempe- 
rature, and  pain,  must  be  separately  tested^  since  one  may  be  affected  , 
and  not  another. 

Tactile  Sensibility. — In  testing  tactile  sensibility  care  must  be  taken 
that  the  instrument  employed  does  not  give  an  impression  of  heat  or 
cold,  lest  the  patient  perceive  by  the  sense  of  temperature  that  which 
he  cannot  discern  by  the  sense  of  touch.  The  observer's  finger  may 
be  used,  if  it  is  not  cold,  or  the  skin  may  be  touched  with  the  feather 
end  of  a  quill  pen.  The  eyes  of  the  patient  should  be  closed  during  the 
examination,  and,  since  he  is  apt  to  fancy  that  he  feels  a  light  touch 
when  he  does  not,  he  should  occasionally  be  asked  if  he  can  feel,  when 
no  contact  is  made.  If  there  is  no  absolute  loss,  the  character  of  the 
sensation  may  be  changed  ;  throughout  one  side  a  touch  may  cause  a 
sensation  distinctly  different  from  that  which  is  produced  when  the 
other  side  is  touched.  Loss  of  sensibility  to  touch  is  termed  "  anaBs- 
thesia,"  but  this  word  is  often  applied  loosely  to  all  forms  of  impaired 
sensibility. 

In  examining  the  tactile  sensibility,  it  is  important  to  ascertain,  not 
only  whether  the  patient  can  feel,  but  whether  he  is  able  to  recognise 
the  place  touched, — whether  he  can  correctly  "  localise  "  the  sensation. 
For  this  he  must  be  asked,  not  only  whether  he  feels  the  touch,  but  to 
say  or  point  out  where  he  feels  it.  The  part  touched  should  be  fre- 
quently varied,  and  the  eyes,  of  course,  kept  closed.  Another  test  for 
tactile  sensibility  depends  on  the  fact,  ascertained  by  E.  H.  Weber,  that 
the  distance  apart  at  which  two  points  are  discriminated  is  nearly  the 
same  in  different  individuals  in  the  same  part  of  the  body,  although  it 
varies  much  in  different  parts  of  the  body.  The  normal  distance  being 
known,  the  increased  distance  at  which  the  points  have  to  be  placed 
for  their  discrimination  is  a  measure  of  the  degree  of  defect.  The 
points  should  not  be  so  sharp  as  to  occasion  pain.  A  pair  of  blunt- 
pointed  compasses  may  be  employed,  but  the  most  convenient  instru- 
ment is  one  contrived  by  Dr.  Sieveking,  and  called  the  "  sesthesiometer." 
It  consists  of  a  graduated  bar,  and  two  points,  one  of  them  being 
moveable  and  the  other  fixed.  The  greater  the  degree  of  tactile  sensi- 
bility, the  nearer  together  can  the  points  be,  and  still  be  discriminated. 
The  distance  at  which  they  are  normally  distinguished  must  be  known 
before  any  inference  can  be  drawn.  The  most  important  average 
distances,  ascertained  by  Weber,  are  as  follows :  the  distance  is 
smallest,  i.  e.  the  sensitiveness  is  greatest,  at  the  tip  of  the  tongue, 
where  the  points  are  discriminated  when  only  1'5  mm.  apart.  Then 
come,  in  order  of  sensitiveness,  the  finger-tips,  2  to  3  mm. ;  the  lips, 
4  to  5  mm  ;  the  tip  of  the  nose,  6  mm. ;  the  cheeks  and  the  backs  of 
the  fingers,  about  12  mm. ;  the  forehead,  22  mm. ;  the  neck  34  mm. ; 
the  forearm,  lower  leg,  and  back  of  foot,  40  mm. ;  the  chest  45  mm. ; 
the  back,  60  mm ;  the  upper  arm  and  thigh  75  mm.    Slight  variations 
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exist  in  different  individiials,  and  a  deviation  from  the  normal  tliat  is 
uniform  in  degree  throughout  the  body  is  probably  physiological.  In 
using  this  test  it  is  necessary  to  touch  the  skin  with  the  two  points  at 
the  same  moment,  and  with  equal  pressure.  The  examination  requires 
time  and  patience,  and  the  results  are  considerably  modified  by  the 
inteUigence  of  the  patient.  Moreover,  the  power  of  discrimination  is 
increased  by  practice.  It  is  rare  to  obtain  a  conclusive  result  unless 
there  is  a  degree  of  defect  that  causes  a  slight  absolute  loss,  such  as 
may  be  detected  with  a  feather.  For  these  reasons,  the  practical  value 
of  the  test  is  less  than  was  at  first  anticipated.  It  is  more  useful  for 
the  estimation  of  changes  of  sensibility  in  the  same  person  and  the 
same  part  than  for  actual  diagnosis. 

Another  test  that  has  been  proposed  is  to  move  a  pointed  object 
along  the  skin,  and  note  the  minimum  movement  that  can  be  re- 
cognised as  such  (Leube).  This  test  has  not  come  into  general 
use. 

Curious  modifications  of  tactile  sensibility  are  sometimes  observed. 
In  one  of  these,  a  single  touch  is  felt  as  if  it  were  two  or  even  three, 
a  condition  that  has  been  termed  " polysesthesia "  (Fischer).  In 
another,  an  impression  on  one  part  is  referred  to  some  other  part, 
usually  in  the  same  limb,  rarely  in  another  limb.  In  another  variety, 
an  impression  on  one  part  has  been  referred  to  the  corresponding 
place  on  the  opposite  side  of  the  body ;  this  has  been  termed  "  allo- 
cheiria"  (Obersteiner). 

Perception  of  the  degree  of  pressure  on  the  skin  is  probably  sub- 
served by  the  nerves  for  tactile  sensibility.  It  may  be  estimated  by 
simple  pressure  applied  through  any  instrument,  or  by  small  weights, 
or  by  an  instrument  contrived  for  measuring  the  pressure  applied  to 
an  artery  to  ascertain  the  tension  of  the  pulse.  In  this,  a  spring 
indicates  the  degree  of  pressure  applied.  The  part  tested  must  be 
supported,  so  that  the  muscles  are  not  brought  into  action.  The 
point  to  be  ascertained  is  the  minimum  variation  that  can  be  recog- 
nised. In  health,  this  is  about  one  twentieth  of  the  total  pressure, 
whatever  the  latter  may  be. 

Sensibility  to  pain  is  subserved  by  what  are  called  nerves  of  "  common 
sensibility."  It  may  be  tested  by  a  prick  or  a  pinch.  For  a  prick, 
too  fine  a  point  must  not  be  used,  not  only  because  a  sharp  point  may 
inflict  a  needless  wound,  but  because,  in  the  less  sensitive  parts  of  the 
skin,  where  the  terminal  nerve-plexus  is  wide,  a  fine  point  may  here 
and  there  be  unfelt,  although'it  penetrates  the  skin.  Hence  a  some- 
what blunt  point  should  be  employed.  Nothing  answers  better  than 
the  point  of  a  quill  pen.  The  faradaic  current  may  be  employed  to 
test  the  sensibility  to  pain,  wire  terminals  being  most  suitable  for  the 
purpose.  Its  advantage  is  the  delicacy  with  which  it  can  be 
graduated,  but  it  does  not  furnish  any  absolute  standard,  and  is 
chiefly  useful  for  comparing  the  sensitiveness  of  corresponding  regions 
on  the  two  sides. 
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Sensibility  to  pain  may  be  changed  with  or  without  sensibility  to 
touch.  Its  loss  is  termed  "  aualgesia,"  but  is  often  included  in  the 
general  term  "  ansesthesia."  A  painful  sensation  is  often  felt  more 
acutely  than  normal;  this  is  called  " hypersesthesia,"  or,  more 
correctly  "  hyperalgesia."  Occasionally  a  touch  on  the  skin  gives  rise 
to  pain,  but  it  is  probable  that  this  is  due  to  the  stimulation  of  the 
over-sensitive  nerves  of  common  sensibility,  and  is  not  an  intensifica- 
tion of  a  tactile  sensation.  Both  tactile  and  painful  impressions  may 
produce  sensations  that  are  abnormal  in  character,  described  as 
"  thrilling,"  "  tingling,"  &c.  This  perverted  sensation  has  been  termed 
"  pareosthesia,"  or  "  dyssesthesia,"  words  that  have  also  been  applied 
to  purely  subjective  sensations. 

Sensibility  to  temperature  is  usually  affected  with  sensibility  to  pain, 
but  often  not  in  the  same  degree,  and  one  may  be  impaired  without  the 
other.  There  may  be  an  absolute  inability  to  recognise  either  heat  or 
cold  as  such,  or  slight  degrees  of  each  may  be  unperceived,  while  con- 
siderable degrees  are  recognised  correctly.  In  the  latter  case  there  is 
impairment  of  the  power  of  perceiving  differences  in  temperature, 
analogous  to  the  defect  in  the  perception  of  differences  in  pressure. 
There  may  be  a  perverse  sensation,  whereby  hot  objects  feel  cold,  and 
cold  objects  hot.  The  pain  that  extreme  degrees  of  temperature 
normally  produce  may  be  felt  with  undue  readiness  or  less  readily  than 
normal.*  When  perception  of  pain  is  delayed,  that  of  temperature 
may  be  delayed  also.  It  must  be  remembered  that,  in  health,  this 
sensation  is  less  rapid  than  that  of  pain,  because  time  is  required  to 
raise  the  temperature  of  the  skin  sufBciently  to  stimulate  its  nerves. 
Tor  coarse  examination,  hot  and  cold  spoons  may  be  employed ;  for 
ascertaining  the  power  of  differential  discrimination,  test-tubes,  con- 
taining water  at  different  temperatures,  are  necessary.  For  practical 
purposes,  the  result  thus  obtained  is  hardly  commensurate  with  the 
time  required  for  the  examination. 

It  is  necessary  always  to  test  separately  the  sensibility  to  heat  and 
to  cold,  as  there  is  strong  reason  to  believe  that  these  are  subserved  by 
different  nerves.  If  very  minute  points  of  the  skin  are  examined,  it  is 
found  that  at  some  points  only  heat,  at  others  only  cold,  is  perceived. 
The  stimulation  of  points  of  the  skin  by  electricity  shows  also  that 
at  some  points  the  peculiar  electrical  sensation  is  produced,  at  others, 
sensation  ot  cold,  at  others  sensation  of  heat.  Further,  the  points 
identified  as  "  cold  points"  and  "  warm  points"  by  the  one  method, 
correspond  with  the  points  ascertained  by  the  other  method. f  The 
conclusion  from  these  observations  is  confirmed  by  the  fact  that  in 
disease  the  sensibility  to  heat  and  to  cold  may  be  affected  in  different 
degrees. 

*  See  on  this  point  Donath, '  Arch.  f.  Psych.,'  Bd.  xv. 

t  Blix,  '  Zeitschr.  f.  Biologic,'  Bd.  xx,  p.  141 ;  Eulenberg,  '  Zeitschr.  f.  klin.  Med., 
Bd.  ix.  Heft  ii.  The  observations  have  also  been  corroborated  by  Goldscheider  and 
Herzen. 
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The  temperature  sense  varies  much  in  different  parts.  Sensibility 
to  cold  is  least  at  the  epigastrium,  that  to  heat  least  on  the  back.  In 
the  leg,  sensitiveness  to  both  heat  and  cold  is  greatest  at  the  knee,  and 
lessens  upwards  and  downwards. 

Muscular  Sensibility.— The  term  "  muscular  sense,"  fis  often  used, 
includes  more  than  one  form  of  sensation.  There  is,  first,  a  true 
muscular  sensibility.  The  muscles  are  abundantly  supplied  with 
sensory  nerves,  which  are  stimulated  by  pressure  and  by  extension. 
They  are  said  to  end  in  the  interstitial  tissue  between  the  muscular 
fibres  (Tschirjew).  A  painful  sensation  is  readily  produced  by  com- 
pression of  a  muscle,  and  the  pain  of  cramp,  distinctly  felt  in  the 
substance  of  the  muscle,  is  probably  due  to  the  compression  of  these 
nerves  by  the  extreme  shortening  (and  therefore  widening)  of  the 
muscular  fibres  in  their  contraction.  After  cramp,  the  nerves  are  left 
in  a  state  of  exalted  excitability,  so  that  extension  of  the  muscle  gives 
rise  to  pain  that  is  not  produced  in  the  normal  state.  The  pain  caused 
by  a  strong  electrical  stimulation  is  probably  due  to  the  excitation  of 
these  nerves,  either  direct,  or  by  their  compression.  They  appear  to 
subserve  the  consciousness  of  contraction  which  is  involved  in  the 
recognition  of  resistance  (such  as  the  estimation  of  a  weight),  and  also, 
in  part,  the  recognition  of  posture,  even  on  passive  movement.  The 
muscles  adapt  themselves  to  all  passive  movements,  and  the  impression 
of  the  elongation  or  contraction  of  the  muscle  probably  enters,  with 
the  impressions  from  the  skin,  &c.,  into  the  perception  of  posture. 
When  the  limb  is  at  rest,  sensory  impressions  from  the  skin  and 
joints  probably  constitute  the  chief  source  of  information. 

In  some  morbid  conditions  the  muscular  sense  is  lost,  the  patient 
cannot  appreciate  the  difference  between  light  and  heavy  objects.  A 
poker  and  a  feather  seem  to  be  of  the  same  weight.  He  is  also  unable 
to  recognise  the  posture  into  which  his  limbs  are  put  by  another 
person.  This  loss  may  occur  when  tactile  sensibility  is  unimpaix*ed. 
Conversely,  the  sensibility  of  the  skia  may  be  lost,  while  that  of  the 
muscles  is  unaffected.  This  separate  affection  of  cutaneous  and 
muscular  sensibility  is  often  seen  produced  by  unilateral  lesions  of 
the  spiaal  cord.  This  question  is  further  considered  in  the  account 
of  the  conducting  paths  of  the  cord. 

The  chief  tests  for  the  muscular  sensibility  are  the  following : — (1) 
The  power  of  appreciating  differences  of  weight,  i.  e.  variations  in  the 
resistance  to  contraction.  In  this  examination  the  patient's  eyes 
should  be  closed,  and  the  objects  used  should  be  of  uniform  size. 
Leather  balls,  like  cricket  balls,  containing  various  weights,  are  in 
use  at  the  Queen's  Square  Hospital  for  this  purpose.  It  is  desirable 
to  reduce  the  stimulation  of  the  cutaneous  nerves  to  a  minimum,  by 
placing  the  weights  in  a  bag  suspended  by  a  string  to  the  part  to  be 
tested  so  that  only  a  small  area  of  the  skin  shall  be  pressed  upon. 
The  form  of  the  weight  is  then  of  little  importance.  The  point  to  be 
tested  is  the  power  of  discriminating  differences  in  weight.    This  is 
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greater  than  in  the  case  of  the  nerves  of  the  skin,  since  a  difference 
of  one  fortieth  of  the  total  weight  can  be  recognised  under  normal 
conditions.  (2)  The  power  of  recognising  the  posture  into  which  the 
limb  is  put ;  if  cutaneous  sensibility  is  normal  the  parts  handled  must 
be  grasped  firmly,  and  pressed  on  both  sides,  so  that  the  direction  of 
pressure  may  not  suggest  the  posture.  Several  observations  should 
be  made  to  eliminate  the  chance  of.  accidental  correctness.  (3)  The 
sensitiveness  of  the  muscles  to  deep  pressure.  (4)  Their  sensitiveness 
to  electrical  stimulation.  It  is  difficult  to  test  accurately  the  electro- 
sensibility  unless  the  sensitiveness  of  the  skin  is  removed,  as  by  the 
injection  of  cocain. 

Another  source  of  information  regarding  motor  processes  is  aiforded 
by  the  degree  of  central  innervation,  i.e.  theactivity  of  the  motorcentres. 
This  was  pointed  out  by  Sir  Charles  Bell.  It  is  the  innervation,  and 
not  the  actual  muscular  contraction,  that  determines  the  strength  of 
associated  movements,  and  influences  the  centre  concerned  in  maintain- 
ing the  equilibrium  of  the  body.  We  see  this  clearly  in  the  case  of 
the  muscles  of  the  eyeball.  If  an  ocular  muscle  is  weak,  and  an  in- 
creased effort  is  necessary  to  direct  the  eye  towards  a  given  object, 
the  object  is  referred  to  the  place,  not  towards  which  the  eye  isi 
directed,  but  towards  which  it  would  be  directed  by  the  increased 
innervation  if  the  muscle  were  normally  strong.  If  the  patient  tries 
to  touch  the  object,  the  hand  is  moved  in  accordance  with  the  innerva- 
tion, and  goes  too  far,  beyond  the  object.  Hence  it  is  clear  that  the 
guide  to  other  motor  centres  is  the  central  innervation,  and  not  the 
accomplished  movement, — not  therefore,  the  peripheral  stimulation  of 
the  muscle-nerves.  It  is  equally  clear  that  it  is  the  peripheral  stimu- 
lation of  the  muscle-nerves  that  is  concerned  in  the  sense  of  resistance, 
because  the  appreciation  of  weights  is  not  interfered  with  by  simple 
weakness.  It  is  doubtful  whether  the  impression  of  motor  innervation 
affects  consciousness  so  as  to  constitute  an  actual  sensation,  compara- 
ble to  that  due  to  the  other  sensory  nerves,  or  even  to  the  muscle- 
nerves. 

Reflex  Action. — Many  symptoms  of  disease  of  the  nervous  system 
are  due  to  derangement  of  the  various  reflex  actions.  These  are 
numerous,  and  we  can  now  only  consider  their  general  characters. 
Each  action  is  effected  through  an  afferent  sensory  nerve,  an  efferent 
motor  nerve,  and  a  system  of  nerve-cells  and  fibres  connecting  the 
two  in  the  spinal  cord,  the  "  reflex  centre."  The  centre  is  usually  a 
complex  and  often  extensive  structure,  and  in  it  are  paths  of  different 
"  resistance,"  determining  the  form  of  reflex  actionand  its  extent,  accord- 
ing to  the  source  and  intensity  of  the  sensory  impression.  The  reflex 
centre  is  between  the  roots  of  the  sensory  and  motor  nerves  concerned, 
and  with  them  constitutes  what  may  be  termed  a  "  reflex^rc."  The 
sensory  impulse  may  not  only  excite  a  motor  process,  it  may  also  pass 
up  to  the  brain,  and  affect  consciousness  as  a  sensation.  Further, 
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the  reflex  centre  is  to  some  extent  tinder  the  control  of  the  cerebral 
centres. 

Cutaneous  Beflesc  Action.— Two  chief  forms  of  reflex  action  must  he 
distinguished.  The  first  is  that  excited  by  stimulation  of  the  skin, 
more  readily  by  a  gentle  stimulation,  as  a  touch,  than  by  a  strong, 
painful  impression.  The  cutaneous  reflex  actions  may  be  excited  at 
almost  any  part  of  the  skin,  but  at  some  parts  they  are  very  definite  in 
character,  and  are  distinguished  by  special  names;  The  most  impor- 
tant are  the  "  plantar  reflex,"  from  the  sole  ;  the  "  gluteal  reflex,"  a  con- 
traction in  the  gluteus  when  the  skin  over  the  muscle  is  stimulated  ; 
the  "cremaster  reflex,"  a  retraction  of  the  testicle  on  stimulation 
of  the  skin  on  the  inner  part  of  the  thigh ;  the  "  abdominal  reflex," 
in  the  muscles  of  the  abdominal  wall  when  the  skin  over  the  side  of 
the  abdomen  is  stroked  ;  the  upper  part  of  this  reflex  is  a  very  definite 
contraction  at  the  epigastrium,  and  has  been  termed  the  "  epigastric 
reflex."  A  series  of  reflex  actions  may  be  obtained  in  the  muscles  of 
the  back,  the  highest  being  in  the  muscles  of  the  scapula.  These 
spinal  reflex  actions  differ  in  their  excitability  in  different  individuals, 
and  are  always  more  readily  produced  in  the  young  than  in  the  old. 
In  the  region  of  the  cranial  nerves,  the  most  important  reflexes  are 
those  of  the  eye ;  the  conjunctival  reflex,  the  contraction  of  the  iris 
on  exposure  of  the  eye  to  light,  and  its  dilatation  on  stimulation  of 
the  skin  of  the  neck. 

Muscle  Beflex  Action;  "  Tendon- Reflexes. "—The  second  group  of 
phenomena  which  depend  on  reflex  action  are  those  which  have  been 
termed  "  tendon-reflexes."  They  were  first  systematically  studied  by 
Erb  and  Westphal,  but  previously  partially  recognised  and  employed 
in  diagnosis  by  Charcot. 

The  first  of  these  is  the  jerk  of  the  leg  which  occurs  when  the 
patellar  tendon  is  tapped.  It  has  been  called  the  "  knee-phenomenon  " 
by  Westphal,  the  "  patellar -tendon-reflex  "  by  Erb,  the  "  knee-jerk  " 
by  myself.  To  obtain  the  jerk,  the  knee  must  be  flexed  so  that  the 
quadriceps  fern  oris  is  gently  extended,  and  the  leg  must  be  free  to  move. 
If  then  the  patellar  tendon  is  struck,  the  quadriceps  contracts  and  jerks 
the  leg  forwards.  The  most  convenient  position  is  with  the  knee  to 
be  tested  flexed  nearly,  but  not  quite,  at  a  right  angle.  The  posture 
commonly  employed  is  with  the  leg  to  be  tested  across  the  other,  the 
knee  of  the  supporting  leg  being  at  a  right  angle  (Eig.  1).  But  if  the 
leg  to  be  tested  is  stout,  its  tension  in  this  position  may  be  too  great 
to  permit  of  any  movement.  In  such  case  the  observer  may  place  his 
arm  beneath  the  patient's  thigh,  just  above  the  knee,  and  rest  his  hand 
on  the  patient's  other  knee  (Fig.  2).  Children  may  sit  on  the  edge  of 
a  chair,  adults  on  the  edge  of  a  table.  If  the  legs  are  vertical,  the 
effect  of  the  blow  and  of  the  muscular  contraction  must  be  carefully 
distinguished.  If  the  bent  fingers  of  each  hand  are  interlocked,  and 
the  bands  pulled  strongly,  the  knee-jerk  occurs  more  readily  (Jen- 
drassik).       It  is  essential  that  the  muscles  should  be  relaxed  from 
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voluntai-y  eoutraction.  Any  contraction  of  the  flexors  may  he  ascer- 
tamed  by  feeling  the  hamstring  tendons,  and  pressure  on  these  by  the 
fingers  often  helps  to  secure  relaxation.  The  blow  may  be  given  by 
the  side  of  tlie  hand,  a  percussion  hammer  (Fig.  2),  or  a  stethoscope 


Fig.  1.— The  Knee-Jeek. 
The  dotted  line  indicates  the  movement 
which  follows  the  blow  on  the  patellar 
tendon. 


Fiu.  2. — The  Knee-Jebe. 
Method  of  obtaining  it  when  it 
is  not  readily  produced  in  the 
ordinary  way. 


with  an  india-rubber  edge  to  the  ear-piece.  If  its  existence  is  doubtful, 
the  skin  should  be  bared.  In  many  cases  the  movement  may  be 
obtained  by  a  dovmward  blow  upon  the  patella,  by  a  blow  on  the 
quadriceps  tendon  above  the  patella,  or  by  a  blow  on  the  substance  of 
the  muscle,  almost  as  readily  and  strongly  as  by  a  blow  on  the  patellar 
tendon.  In  cases  in  which  it  is  in  great  pathological  excess,  it  may 
even  be  excited  by  a  blow  on  the  tibia.  When  it  is  in  excess,  it  may 
be  conveniently  brought  out  in  a  somewhat  difCerent  way.  As  the 
patient  lies  in  bed,  the  finger  of  one  hand  is  placed  across  the  quad- 
riceps tendon  just  above  the  patella,  and  the  patella  pushed  down,  so 
as  to  make  the  quadriceps  tense.  The  finger  is  then  percussed  in  the 
direction  in  which  the  patella  is  being  pushed,  so  as  suddenly  to 
increase  the  tension  in  the  muscle.  The  blow  is  instantly  followed  by 
a  contraction,  jerking  the  patella  and  finger  upwards.  Very  often  this 
single  contraction  is  immediately  succeeded  by  a  second,  and  this  by  a 
third,  and  so  on— a  series  of  quick  clonic  contractions,  "  clonus,"  recur- 
ring as  frequently  as  eight  per  second.  By  grasping  the  patella  firmly, 
and  suddenly  pushing  it  downwards,  so  as  to  make  the  muscle  tense, 
this  clonus  may  also  be  set  up,  as  Erb  has  shown.  It  may  continue 
as  long  as  tension  is  kept  up,  but  instantly  ceases  when  the  muscle  is 
relaxed. 

The  next  important  phenomenon  belonging  to  this  group  occurs  at 
the  ankle-joint.    If  the  calf  muscles,  which  are  connected  with  the 
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Achilles  tendon,  are  made  tense,  and  this  tendon  is  tapped,  the 
muscles  contract,  causing  a  slight  extension  movement  of  the  foot ; 
just  as  the  muscles  of  the  thigh  contract  when  the  patellar  tendon  is 
struck.  In  cases  in  which  these  phenomena  are  excessive, — just  as 
sudden  tension  in  the  thigh-muscles  will  cause  a  contraction,  followed 
by  others  in  a  continuous  series — so,  in  such  cases,  if  the  calf-muscles, 
which  extend  the  ankle-joint, 
are  suddenly  put  on  the  stretch 
by  pressing  the  hand  against 
the  sole  of  the  foot  (Pig.  3),  a 
quick  contraction  occurs,  in- 
stantly ceasing,  but  if  the  pres- 
sure is  kept  up,  instantly  re- 
newed, and  recurring  as  long 
as  the  tension  is  maintained, 
as  a  clonic  series  of  spasmodic 
contractions — the  "  ankle- clo- 
nus "  or  "  foot-clonus "  (or 
"  foot  phenomenon  " — West- 
phal).  It  can  often  be  obtained 
best  when  the  knee  is  not  com- 
pletely extended.  The  move- 
ment is  very  uniform,  from  six  to  nine  contractions  occurring  per  second. 
By  attaching  a  writing  point  to  the  foot,  and  making  it  trace  a  line  on 
a  revolving  cylinder  covered  with  blackened  paper,  tracings  may  be 
obtained  (Fig.  4),  which  are  almost  as  regular  as  the  tracings  of  a 


Fig.  4. — Teacing  of  the  Foot-Cionus  in  Paeaplegia. 


(The  tracing  reads  from  right  to  left.) 

tuning-fork.  This  foot-clonus  can  be  more  frequently  obtained  than 
the  clonus  in  the  extensors  of  the  knee,  but  the  two  have  the  same 
time  and  are  evidently  of  the  same  nature.  A  clonus  quite  similar 
may  sometimes  be  obtained  in  other  muscles — peronei,  flexor  brevis 
pollicis,  flexors  of  the  fingers,  &c. 

When  a  tendon  is  tapped,  and  its  muscle  contracts,  the  occurrence 
has  somewhat  the  aspect  of  a  reflex  action.  It  was  assumed  by  Erb 
that  the  contraction  is  a  true  reflex  action,  the  stimulus  Taeinff  the 
excitation  of  nerves  in  the  tendon.  Hence  it  has  been  termed  "  tendon- 
reflex."  This  view  has  received  apparent  confirmation  by  the  discovery 
of  certain  facts:  (1)  That  there  are  nerves  in  tendon.  (2)  That 
these  phenomena  depend  for  their  occurrence  on  the  intecritv  of  the 


Fig.  3. — Method  of  Eliciting  the 
foot-cionus. 
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reflex  path  to,  tlirougli,  and  from  the  spinal  cord,  and  are  arrested  by 
a  lesion  in  this  path.  By  experiments  on  animals  (in  whom  similar 
contractions  may  be  obtained)  it  has  been  found  that  they  are  prevented 
by  division  of  the  nerves  to  the  muscles,  by  division  of  either  the  anterior 
or  posterior  roots  of  the  spinal  nerves,  or  by  destruction  of  the  spinal 
cord.*  The  knee-jerk  cannot  be  obtained  in  locomotor  ataxy  (damage 
to  the  posterior  nerve-roots),  or  in  infantile  paralysis  (damage  to  the 
grey  matter,  the  reflex  centre).  (3)  That  these  phenomena  are  in 
excess  in  some  cases,  in  which  the  reflex  action  from  the  skin  is  in  excess. 

These  facts  certainly  prove  that  some  reflex  influence  is  concerned 
in  the  production  of  the  phenomena.  But  (as  Westphal  has  always 
maintained)  they  do  not  necessarily  prove  that  the  contractions  depend 
on  a  simple  reflex  action  from  the  tendons.  Many  of  the  facts  cannot 
be  explained  by  the  "  tendon-reflex  "  theory.  There  is  the  great  fact 
that  passive  tension  is  necessary  for  the  tap  on  the  tendon  to  be  effec- 
tive, and  that  when  the  phenomena  are  in  excess,  sudden  tension  alone 
will  suffice  to  develope  the  contraction.  But  tension  acts  upon  the 
muscle  as  well  as  upon  the  tendon,  and  frequently  the  contraction  may 
be  distinctly  excited  by  stimuli  which  act  on  the  muscle  and  have  no 
action  on  the  tendon.  For  instance,  in  cases  in  which  these  phenomena 
are  in  excess,  if  the  foot  be  gently  pressed  up  so  as  to  make  the  calf- 
muscles  tense,  and  the  muscles  on  the  front  of  the  leg  be  tapped,  the 
calf-muscles  contract  (just  as  they  do  when,  under  the  same  circum- 
stances, the  tendon  is  tapped),  and  cause  a  brief  extension  movement 
of  the  foot.  I  have  termed  this  the  "  front-tap  contraction."  It  is  a 
very  delicate  test  of  increased  irritability,  and  it  is  also  of  considerable 
theoretical  interest,  since  we  have  in  it  a  contraction  developed  by  a 
stimulus  which  does  not  in  any  way  affect  the  tendon.  It  can  affect 
the  gastrocnemius  directly,  for  by  placing  the  hand  on  the  calf,  a 
vibration  may  be  felt  through  the  leg.  If  the  tibia,  instead  of  the 
muscle,  is  tapped,  the  contraction  is  much  slighter,  or  does  not  occur. 
Moreover,  a  tap  on  the  tendon  itself  only  excites  the  contraction  when 
it  increases  the  tension  of  the  tendon  ;  i.  e.  when  it  acts  upon  the 
muscle  also.  In  the  case  of  the  Achilles  tendon,  this  may  be  easily 
demonstrated  with  a  little  care,  A  gentle  tap  on  the  side  of  the  tendon 
will  excite  the  contraction  as  readily  as  a  tap  on  the  back  of  the  tendon, 
but  if  the  other  edge  of  the  tendon  is  supported  (as  by  the  fingers  of  an 
assistant),  the  same  tap  will  no  longer  be  effective,  because  it  no  longer 
increases  the  tension.  The  strongest  proof,  however,  of  the  indepen- 
dence of  the  phenomena  on  any  stimulation  of  the  tendon  is  afforded 
by  the  experiments  of  Tschirjew,  who  divided  carefully  all  the  nerves 
to  the  patellar  tendon,  and  still  found  that  the  tap  upon  it  made  the 
tense  muscle  contract. 

Thus  the  evidence  seems  conclusive  that  the  contractions  are  not 
excited  by  stimulation  of  the  nerves  of  the  tendon,  but  that  the 
stimulus  originates  in  the  muscle,  the  tendon  being  only,  so  to  speak, 
*  See  Tschirjew,  '  Arcliiv  fiir  Psycbiatrie,'  Bd.  viii,  Heft  3. 
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an  instrument  by  wliicli  that  stimulation  is  produced.  But  if  the 
muscle  is  stimulated  and  then  contracts,  is  not  the  contraction  excited 
locaUy,  as  Westphal  has,  from  the  first,  urged  ?  A  reflex  action  takes 
a  certain  time,  which  is  needed  for  the  stimulus  to  travel  to  and  from 
the  cord,  and  for  the  reflex  process  to  occur  in  the  centre.  According 
to  received  physiological  data,  an  interval  of  at  least  one  fifteenth  of 
a  second  would  be  needed  for  the  knee-jerk,  if  it  were  a  reflex  process, 
and  rather  more  for  the  movement  at  the  ankle.  I  have  found  that 
when  the  Achilles  tendon,  or  the  front  of  the  leg  is  tapped,  the  resul- 
ting contraction  occurs  in  about  one  thirtieth  of  a  second.*  The 
interval  for  the  knee-jerk  has  been  found  to  be  about  one  twenty-fifth 
or  one  thirtieth  of  a  second.f  If  the  patella  is  pressed  down  and 
tapped,  in  the  way  I  have  just  described,  I  have  found  that  the  interval 
between  the  tap  and  the  resulting  contraction  is  often  not  more  than 
one  fortieth  of  a  second.  The  shortness  of  the  interval  makes  it 
difficult  to  believe  that  these  contractions  can  be  reflex,  and  supports 
the  theory  that  they  are  excited  locally. 

But  to  this  view,  that  the  contractions  are  excited  locally,  is  appa- 
rently opposed  the  fact  that  they  are  prevented  by  whatever  lesion 
arrests  reflex  action.  Some  have  endeavoured  to  explain  the  dis- 
crepancy by  the  suggestion  that  reflex  action  may  occiir  in  a  much 
shorter  time  than  is  commonly  supposed.  This  suggestion  is  not  at 
present  justified  by  any  known  facts.  Another  and,  I  think,  much 
more  probable  explanation  is  this.  If  we  regard  the  contractions  as 
local,  we  have  still  to  account  for  the  irritability  which  permits  the 
local  stimulus  to  cause  a  contraction.  This  irritability  is  developed 
by  passive  tension.  If  the  muscle  is  relaxed,  the  fibres  may  contract 
if  they  are  struck  directly,  just  as  do  the  fibres  of  a  separated  frog's 
muscle,  but  no  contraction  can  be  produced  by  striking  the  tendon. 
Hence  I  have  suggested  that  the  tension  excites,  by  a  reflex  influence, 
a  state  of  extreme  irritability  to  local  stimulation, — such  as  that  of  a 
tap  on  the  'tendon,  or  such  as  the  vibration  from  a  tap  near  the 
muscle,  or  from  a  tap  on  the  bone  to  which  the  tendon  is  attached, — 
which  thus  excites  a  visible  contraction.  J 

The  explanation  receives  some  confirmation  from  the  very  interesting 

*  'Med.-Chir.  Trans.,'  1879,  p.  292.  The  measurement  has  been  since  confirmed 
by  Waller,  '  Brain,'  July,  1880. 

t  '039  sec.  Burckhardt ;  •032— -034  sec.  Tschirjew;  "04  sec.  Brissaud;  -03— '04 
sec.  Waller ;  -03  sec.  Eulenberg.  Some  measurements  which  I  made  of  the  interval 
('  Med.-Chir.  Trans.,'  1879,  p.  275)  gave  a  longer  interval,  probably  in  consequence 
of  the  movement  of  the  foot  being  taken  as  the  indication  of  the  commencing  con- 
traction. "  Load"  will  increase  greatly  the  period  of  latent  stimulation,  probably  by 
causing  the  initial  contraction  to  expend  itself  on  the  elasticity  of  the  muscle.  The 
measurements  given  above  were  obtained  by  recording  the  commencing  contraction 
of  the  muscle. 

t  This  explanation  was  originally  given  for  the  "  foot  phenomenon  "  alone  ('Med.- 
Chir.  Trans.,'  1879,  p.  295).  I  now  think  that  it  is  equally  applicable  to  the  knee- 
jerk.  The  evidence  of  the  identity  in  nature  of  the  two  is  very  forcibly  stated  by 
Waller  (loc.  cit.). 
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observations  of  Tscliirjew  *  He  has  found  that  if  the  nerve  to  a 
separate  muscle  be  divided,  the  muscle  remains  of  just  the  same 
length.  If,  however,  a  weight  be  first  attached  to  the  muscle,  when 
the  nerve  is  divided  the  muscle  lengthens.  This  shows  that  the 
tension  does  excite  a  slight  contraction  which  is  dependent  on  a 
central  influence.  It  is  in  this  condition  only  that  the  local  stimula- 
tion is  eifective.  If  the  tension  put  on  a  muscle  is  gentle  and  gradual, 
it  may  only  develope  the  irritability,  and  an  additional  local  stimulation 
is  necessary  to  produce  a  visible  contraction.  If,  however,  the  tension 
is  sudden  and  forcible,  it  not  only  developes  the  irritability,  but  pro- 
duces visible  contraction  in  the  muscle  thus  rendered  irritable— as  in 
setting  up  the  foot-clonus.  I  have  shownf  that  the  relaxation  of  the 
muscle,  between  the  successive  contractions,  is  not  complete:  there  is 
a  persistent  residual  contraction,  i.'e.  a  tonic  contraction  on  which  the 
clonic  contractions  occur.  When  one  clonic  contraction  is  over,  the 
tension  continuing,  a  second  is  instantly  developed. 

The  sensory  nerves  of  muscles  have  been  shown  by  Tschirjew  to 
commence,  not  within  the  muscular  fibres,  biit  in  the  interstitial  con- 
nective tissue.  The  afferent  impulse  produced  by  tension  is  apparently 
due  to  the  tension  acting  on  these  nerves :  the  visible  contraction  is 
excited  by  tension  or  vibration  affecting  the  muscular  fibres  themselves. 
The  latter  is  ineffective  unless  the  muscles  are  brought  into  a  state  of 
special  excitability  through  the  cord.  The  reality  of  an  afferent  impulse 
from  the  muscle,  produced  by  tension,  is  demonstrable  to  anyone  who 
will  permit  his  ankle  to  be  suddenly  flexed.  A  distinct  pain  is  felt  in 
the  muscle  (none';  be  it  observed,  in  the  tendon).  It  is  not  surprising, 
therefore,  that  this  afferent  impulse  should,  very  often,  not  merely 
develop  the  reflex  excitability,  or  tonic  contraction,  but  also  cause  a 
more  vndely-spread  reflex  action.  The  attempt  to  get  the  foot-clonus, 
for  instance,  will  cause  a  flexion  of  the  hip-joint;  the  attempt  to  obtain 
the  knee-jerk  may  cause  a  movement  in  the  opposite  leg  or  a  start 
back  of  the  body.  But  these  reflex  contractions,  if  carefully  observed, 
confirm  the  theory  which  has  been  put  forward  in  the  preceding  pages, 
for  they  distinctly  succeed,  at  an  appreciable  interval,  the  local  con- 
traction. Burckhardt  has  found  that  the  latent  interval  for  a  skin- 
reflex  is  three  times  as  great  as  for  the  knee-jerk.  I  think  that  this 
theory  of  reflex  irritability  and  local  stimulation  affords  a  full  explana- 
tion of  all  the  relations  of  these  phenomena  to  the  central  nervous 
system,  and  to  the  other  phenomena  of  disease,  and  it  is  the  only 
theory  which  adequately  explains  them. 

It  seems,  therefore,  that  the  term  "  tendon-reflex "  is  altogether 
inaccurate.  The  phenomena  are,  according  to  the  explanation  above 
given,  dependent  on  a  "  muscle-reflex  "  irritability,  which  has  nothing 
to  do  with  the  tendons.  If  we  wish  to  describe  them  by  a  general 
term,  it  is  best  to  employ  one  which  does  not  involve  any  special 
theory  of  their  nature.    They  may  be  termed  "tendon-muscular 

*  '  Reicherfc  und  Du  Bois-Reyniond's  Arcliiv,'  1879.  f  Loc.  cit.,  p.  286. 
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phenomena,"  but  the  intervention  of  tendons  is  not  necessary  for 
their  production ;  the  one  condition  which  all  have  in  common  is  that 
passive  tension  is  essential  for  their  occurrence,  and  I  have  suggested* 
that  they  be  termed  myotatic  contractions  (rariKos,  extended). f  The 
irritability,  on  which  they  depend,  is  due  to  and  demonstrative  of  a 
muscle-reflex  action  which  depends  on  the  spinal  cord.  It  is  highly 
probable,  as  Tschirjew  suggested,  that  the  condition  on  T^hich  the 
myotatic  irritability  depends,  is  identical  with  muscular  "  tone.''  Since 
the  experiments  of  Heidenhain,  it  has  been  generally  admitted  that 
"  tone"  depends  on  tension,  and  is  a  reflex  process.^ 

A  true  "tendon-reflex"  may  be  excited  by  pinching  the  tendon, 
but  this  is  a  start  of  the  whole  limb,  precisely  such  as  results  from  a 
pinch  of  the  skin. 

Paradoxical  Muscular  Contraction. — This  name  has  been  given  by 
Westphal§  to  a  slow  tonic  contraction  occurring  in  a  muscle  when 
suddenly  relaxed,  or  rather  when  its  course  is  suddenly  shortened.  It 
is  best  seen  in  the  tibialis  anticus.  If  the  foot  is  grasped,  and 
passively  flexed  on  the  leg,  the  tibialis  anticus  contracts,  sometimes 
after  an  appreciable  interval ;  its  tendon  stands  out,  and  the  contrac- 
tion keeps  the  foot  flexed  for  some  minutes  (in  one  case  for  twenty- 
seven),  and  then  slowly  relaxes.  Repetition  lessens  the  contraction. 
It  is  not  voluntary  (although  a  voluntary  contraction  may  simulate 
it),  for  it  may  be  unilateral.  The  contraction  produced  by  faradaism 
or  by  the  will  may  be  similarly  lasting.  The  same  phenomenon  may 
be  observed  in  the  extensors  of  the  toes,  sometimes  in  the  flexors  of 
the  knee,  rarely  in  the  arm  muscles.  Its  mechanism  is  uncertain, — 
whether  reflex  or  not,  whether  produced  through  the  muscle  itself,  or 
through  the  tension  on  the  antagonists,  as  Erlenmeyer  has  maintained. 
The  former  is  perhaps  the  more  probable.  It  is  interesting  as  an 
excess  of  the  adaptation  which  muscles  undergo  on  their  passive  elon- 
gation or  shortening.  This  is  probably  one  element  in  the  apprecia- 
tion of  posture.  In  the  cases  that  have  presented  this  phenomenon 
there  has  been  no  muscular  rigidity,  no  great  excess  (even  sometimes 
a  loss)  of  the  myotatic  irritability.  It  occurs  sometimes  in  the  early 
stage  of  tabes,  and  in  some  other  affections,  but  its  significance  is  not 
known.  A  phenomenon  somewhat  similar  occurs  in  hysteria  (Fere)  ; 
the  facts  .of  the  hysterical  cases,  and  the  effects  of  chloroform  observed 
by  Westphal,  suggest  a  relation  between  the  condition  and  cataleptoid 
states. 

*  '  Diagnosis  of  Diseases  of  the  Spinal  Cord,'  2nd  edit.,  1881,  p.  29. 

t  If  it  should  ultimately  be  proved  (which  is  very  improbable)  that  so  short  an 
interval  as  one  fortieth  of  a  second  is  sufficient  for  a  reflex  action,  and  that  each 
contraction  is  reflex,  the  term  "  myotatic  "  will  still  be  accurate,  since  it  will  remain 
true  that  tension  is  essential  for  the  production  of  these  contractions. 

t  By  some  interesting  researches  recently  published,  Mommsen  has  reached  the 
same  conclusion,  that  muscular  tone  is  dependent  on  a  muscle-reflex  action  excited 
by  tension  acting  on  the  sensory  muscle-nerves.   ('  Virchow's  Archiv,'  Bd.  110,  p.  22). 

§    Arch.  f.  Psych.,'  Bd.  x,  p.  24-3. 
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Changes  in  Nutrition— The  nutrition  of  tlie  tissue-elements  is 
largely  under  the  influence  of  the  nervous  system.  Whether  this 
influence  is  exerted  through  special  "trophic"  nerves,  or  merely 
through  the  motor,  sensory,  or  especially  through  the  vasomotor 
nerves,  is  a  question  that  has  been  much  discussed  and  is  still  unde- 
cided. Many  disturbances  of  nutrition  can  be  explained  -without  the 
hypothesis  of  special  trophic  nerves.  The  fact  regarding  these  changes 
that  is  best  established  and  most  important,  is  that  the  most  acute 
disturbance  of  nutrition  is  the  result  of  irritation  of  the  nerve-trunks 
and  centres,  and  is  in  proportion  to  the  intensity  of  that  irritation. 
If  a  thread  is  passed  through  each  sciatic  nerve,  and  one  is  also 
irritated  by  the  application  from  time  to  time  of  irritant  liquids, 
trophic  changes  occur  in  that  limb  with  greater  rapidity,  and  far 
greater  intensity,  than  in  the  other.  (Lewaschew.) 

Nutritive  changes  in  the  shin  are  easily  recognised,  but  they  differ 
much  in  their  character  according  to  their  acuteness.  When  they  are 
rapid,  and  due  to  very  acute  irritation  of  the  nerves  or  the  spinal  cord, 
such  as  attends  acute  myelitis,  the  temperature  of  the  limb  is  raised, 
the  vessels  readily  dilate,  and  remain  dilated  for  a  long  time,  bullae 
form,  containing  a  dark-coloured  liquid,  and  slight  pressure  occasions 
a  slough.  These  changes  sometimes  occur  spontaneously,  but  are 
more  often  excited  by  some  cutaneous  irritation,  and  very  slight  irri- 
tation of  the  skin  will  suffice  to  produce  them.  Trifling  pressure  will 
set  up  a  slough,  and  extensive  vesication  may  result  from  the  applica- 
tion of  a  hot-water  bottle  that  is  not  more  than  pleasantly  warm  to  a 
healthy  hand.  When  the  nerve  irritation  is  intense,  effusion  may 
occur  into  the  joints. 

In  the  case  of  the  fifth  nerve,  acute  trophic  changes  occur  in  the 
eyeball  chiefly  when  the  disease  involves  the  Gasserian  ganglion,  or 
the  nerve  in  front  of  it.  To  produce  the  same  effect,  a  lesion  behind 
the  ganglion  has  to  be  more  irritating  than  one  in  front  of  it.  We  do 
not  know  whether  a  similar  relation  obtains  in  the  case  of  the  spinal 
nerves  and  the  spinal  ganglia.  Yery  intense  changes  in  nutrition  are 
common  in  acute  inflammation  of  the  spinal  cord. 

The  alterations  in  nutrition  in  chronic  lesions  (which  have  been 
carefully  studied  by  Paget  and  Weir  Mitchell)  differ  considerably  from 
those  that  result  from  acute  irritation.  There  is  a  slow  change  in  the 
nutrition  of  the  skin,  which  becomes  red,  thin,  and  shiny — the  "  glossy 
skin  "  of  Paget.  The  subcutaneous  tissue  also  wastes,  so  that  the 
finger  tips  become  pointed.  The  growth  of  the  hair  and  nails  is 
retarded,  and  the  latter  become  brittle.  The  bones  may  suffer  in  their 
nutrition,  and  may  break  more  easily  than  in  health.  If  the  lesion 
occurs  during  the  period  of  growth,  this  is  retarded,  and  the  affected 
limb  becomes  shorter  than  the  corresponding  limb  on  the  other 
side.  We  do  not  yet  know  by  what  nerve-fibres  this  influence  on 
growth  is  exerted. 

The  muscles  suffer  in  their  nutrition  from  lesions  of  the  motor  nerves. 
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The  bulk  of  a  limb  depends  cbiefly  on  the  muscles,  and  therefore  the 
interference  with  their  nutrition  is  quickly  shown  by  a  diminution  in 
the  size  of  the  part.  At  first  there  may  be  merely  flabbiness,  and  an 
appearance  of  wasting  that  is  not  confirmed  by  measurement,  but 
there  is  soon  an  actual  diminution  in  the  circumference  of  the  limb. 
In  extreme  cases  all  the  muscular  tissue  disappears,  and  the  contour  of 
the  limb  is  considerably  changed.  In  comparing  the  size  of  the  limbs 
on  the  two  sides,  it  should  be  remembered  that  the  limbs  on  the  right 
side  are  normally  somewhat  larger  than  those  on  the  left  side,  and  that 
the  difference  varies  according  to  the  occupation  of  the  individual,  and 
the  extent  to  which  this  involves  an  excessive  use  of  the  limbs  on  one 
side.  In  measuring,  great  care  is  necessary  to  secure,  as  nearly  as 
possible,  the  same  conditions  on  each  side,  both  as  regards  the  state  of 
the  muscles  and  the  place  of  measurement.  It  is  best,  wherever 
possible,  to  take  the  maximum  measurement  in  each  part,  rather  than 
to  attempt  to  make  the  measurement  in  the  same  place.  In  the  calf, 
the  maximum  circumference  should  always  be  taken.  In  the  thigh, 
accurate  measurement  is  extremely  difficult,  because  a  maximum 
cannot  be  taken.  We  may  endeavour  to  measure  at  the  same  point 
in  the  thigh,  at  the  same  distance  from  the  condyle,  but  it  is  very  diffi- 
cult to  be  exact,  and  a  more  accurate  comparison  can  often  be  made 
by  taking  the  minimum  circumference  above  the  knee,  in  spite  of  the 
fact  that  the  muscular  tissue  there  is  small,  and  the  difference  less  than 
it  is  elsewhere.  In  the  forearm  the  best  result  is  obtained  by  taking 
the  maximum  measurement  around  the  muscular  prominence  below 
the  elbow,  over  the  supinator  longus.  In  the  upper  arm,  the  circum- 
ference is  nearly  the  same  in  the  middle  third,  and  the  middle  of  the 
humerus  may  be  measured,  with  little  risk  of  error.  In  all  cases  care 
must  be  taken  to  draw  the  tape  equally  tight  at  each  place.  It  is 
easier  to  do  this  with  a  flexible  steel  measure  than  with  an  ordinary 
tape  measure.  Exactness  in  this  respect  is  best  secured  by  having  a 
spring  at  one  extremity  of  the  tape,  with  an  index  that  will  show  the 
tension,  which  can  thus  be  kept  the  same  at  each  place. 

Electrical  Ieeitabilitt. — The  nerves  and  muscles  are  excitable 
by  electricity,  and  the  excitability  is  changed  by  disease,  of  which  the 
change  is  often  an  important  symptom.  It  indicates  the  state  of 
nutrition  of  the  nerve-fibres  and  muscles,  and  from  this  we  can  often 
draw  important  inferences  regarding  the  condition  of  the  centres.  An 
outline  of  the  most  important  facts  regarding  electricity  in  its  appli- 
cation to  medicine,  is  given  in  the  Appendix,  but  it  may  be  well  to 
mention  here  the  chief  facts  of  diagnostic  importance. 

In  the  normal  state,  nerve-fibres  are  stimulated  by  either  the  induced 
or  the  voltaic  current,  the  stimulation  of  the  motor  nerves  being  shown 
by  contraction  in  the  muscles  supplied  by  them,  that  of  the  sensory 
nerves  by  the  sensation  that  is  caused.  The  contraction  of  the 
muscles  is  continuous  when  the  faradaic  current  is  applied,  but  if  the 
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isolated  shocks  of  which  the  current  consists  are  separately  passed, 
each  causes  a  brief,  momentary  contraction.  When  the  voltaic  current 
IS  applied,  contraction  occurs,  with  a  current  of  moderate  strength, 
.  only  when  the  strength  of  the  current  is  changed,  and  chiefly  when  the 
current  commences  or  ceases  to  pass,  i.  e.  when  the  circuit  is  "  made  " 
or  "  broken."  The  stimulation  of  the  sensory  nerves  is  greatest  at 
those  times,  but  occurs  also,  in  a  much  slighter  degree,  during  the 
whole  time  that  the  voltaic  current  is  passing.  Hence  this  is  probably 
the  case  also  in  the  motor  nerves,  although  the  stimulation  is  too 
feeble  to  produce  a  contraction  in  health  with  a  strength  of  current 
that  can  be  borne.  In  proportion  as  the  nutrition  of  the  nerve-fibres 
is  impaired,  their  excitability  is  lowered  and  a  stronger  current  of  each 
kind  is  required  to  excite  them  and  cause  contraction  in  the  muscles 
they  supply.  When  their  nutrition  is  much  impaired — i.  e.  when  the 
fibres  are  "  degenerated  " — no  contraction  can  be  obtained  even  with 
the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple, 
because  in  them  there  are  two  excitable  structures — the  terminations 
of  the  nerves,  and  the  muscular  fibres  themselves.    Of  these  the  nerve- 
fibres  are  the  more  sensitive  to  faradaism,  and  the  faradaic  stimula- 
tion of  a  muscle  under  normal  circumstances  is  by  means  of  these 
motor  nerve-endings.    Thus  we  find  that  its  excitability  corresponds  in 
degree  to  that  of  the  motor  nerve  supplying  it.    The  muscular  fibres 
themselves  are,  even  in  the  normal  state,  less  sensitive  to  faradaism 
than  the  nerve,  apparently  because  they  are  incapable  of  ready  response 
to  a  stimulus  so  very  short  in  duration  as  are  the  shocks  of  which  the 
faradaic  current  consists.    (The  proof  of  this  consists  in  the  fact  that 
under  the  influence  of  curara,  which  removes  the  excitability  of  the 
terminations  of  the  motor  nerve,  the  muscle  requires  a  stronger  faradaic 
current  to  stimulate  it  than  in  the  normal  state.)    But  when  the  nerve 
is  degenerated  the  slowly  interrupted  voltaic  current  stimulates  the 
muscle  as  readily  as  in  the  normal  state ;  a  contraction  occurs  when 
the  circuit  is  completed  or  broken — distinctly  slower  than  that  which 
occurs  when  the  nerve-fibres  are  intact,  and  due  to  the  stimulation  of 
the  protoplasm  of  the  muscular  fibres  themselves.    The  fact  that, 
under  normal  circumstances,  the  contraction  which  is  caused  by  the 
voltaic  current  is  as  quick  as  that  produced  by  the  faradaic  shock,  is 
ground  for  believing  that,  in  health,  the  voltaic,  as  well  as  the  faradaic 
current,  causes  the  muscle  to  contract  chiefly  by  exciting  the  motor 
nerve- en  dings.    When  the  motor  nerve  is  degenerated,  and  will  not 
respond  to  faradaic  or  voltaic  stiniulation,  the  muscle  also  loses  all  its 
power  of  response  to  the  former.    Apparently  the  nerve-degeneration 
is  accompanied  by  changes  in  the  nutrition  of  the  muscular  fibre,  by 
which  any  power  of   response  to  faradaism,  which  it  possessed 
in  the  normal  state,  is  lost.     But  the  response  to  the  voltaic 
current  remains,  and  becomes  quickly  more  ready  than  in  health, 
doubtless  in  consequence  of  nutritive  changes  which  develope  what 
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the  older  pathologists  called,  truly  enough,  "irritable  weakness." 
Moreover,  there  may  commonly  be  observed  a  change  in  the  readiness 
of  response  to  a  certain  mode  of  stimulation  with  voltaism— a  "  quali- 
tative "  change,  as  it  is  termed.  In  health,  the  first  contraction  to 
occur,  on  gradually  increasing  the  strength  of  the  current,  is  at  the 
negative  pole  when  the  circuit  is  closed,  and  a  stronger  current  is 
required  before  closure-contraction  occurs  at  the  positive  pole.  But, 
in  the  morbid  state  we  are  discussing,  closure-contraction  may  occur 
at  the  positive  pole  as  readily  as  at  the  negative,  or  even  more  readily 
—and  contractions,  when  the  circuit  is  broken,  occur  far  more. readily 
than  in  the  normal  state.  This  condition,  then— faradaic  irritability 
lost,  voltaic  irritability  increased  and  often  changed  in  quality— is 
termed  the  "  degenerative  reaction,"  because  it  occurs  when  the 
nerve-fibres  are  degenerated;  and  if  we  test  them  we  shall  find  no 
response  to  any  stimulus,  voltaic  or  faradaic.  It  occurs  when  the 
nerves  are  separated  partially  or  completely  from  their  motor  nerve- 
cells,  and  if  no  such  separation  exists,  it  indicates  an  acute  degene- 
rative change  in  those  nerve-cells. 

But  the  motor  nerve-cells  and  fibres  often  undergo  changes  in 
nutrition  of  a  much  more  chronic  character.  In  this  condition  the 
irritability  of  the  fibres  is  lessened  gradually  and  slowly.  The  irri- 
tability of  the  intramuscular  nerve-endings  is  lessened  in  the  same 
desrree  as  that  of  the  nerve-trunks,  and  we  have  a  diminution  to  both 
faradaism  and  voltaism.  The  nutrition  of  the  muscular  fibres  is 
slowly,  gradually,  impaired;  and  when  the  nerve-fibres  are  much 
affected  the  muscular  fibres  are  also.  There  is  no  stage  in  which  the 
nerve-fibre  irritability  is  lost,  and  the  muscle-fibre  irritability  retained  ; 
hence  there  is  no  condition  of  lost  faradaic  and  increased  voltaic 
irritability  such  as  characterises  the  degenerative  reaction  just 
described.  Irritability  is  changed  to  the  one  form  of  stimulus  just  as 
to  the  other. 

Between  these  two  forms  there  are  intermediate  conditions.  For 
instance,  the  nerves  may  present  normal  irritability,  and  the  muscle 
the  increased  voltaic  irritability  and  changed  order  of  contraction  met 
with  in  degeneration.  Probably,  in  these  cases,  some  nerve-fibres  are 
degenerated,  and  lead  to  the  increased  irritability  of  some  muscular 
fibres.  In  both  nerve  and  muscle  the  character  of  the  reaction  is 
determined  by  the  more  irritable  structures  ;  hence  it  is  normal  in  the 
nerve  and  altered  in  the  muscle.  This  has  been  termed  by  Erb  the 
"  middle  form  "  of  degenerative  reaction.  It  would  be  more  accurate 
to  call  it  the  "  mixed  form." 

The  various  changes  in  irritability  have  been  thought  to  indicate  the 
existence,  and  various  affection,  of  separate  centres  for  the  nutrition 
of  the  nerves  and  muscles,  apart  from,  though  acting  through,  the 
motor  nerve-cells.  Eemembering  that  the  nerves  and  muscles  contain 
fibres  which  suffer  in  different  degrees,  the  phenomena  at  present 
ascertained  may  all  be  explained  on  the  simpler  principle  stated,  without 
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the  assumjition  of  these  special  centres,  of  the  existence  of  which  there 
is,  indeed,  no  evidence. 

Frequently  the  lowered  irritability  of  degeneration  in  the  nerves  is 
preceded  by  a  slight  increase  of  irritability,  very  transient  when  the 
degeneration  is  acute,  of  longer  duration  when  the  degeneration  is  of 
the  slower  variety  just  noticed.  In  some  morbid  states,  again,  in  which 
the  change  of  nutrition  in  the  cells  and  fibres  is  extremely  slight,  an 
increase  may  alone  be  discovered.  I  have  found  such  an  increase,  for 
instance,  in  diseases  regarded  as  functional,  as  paralysis  agitans  and 
chorea,  and  it  is  an  interesting  proof  of  the  molecular  changes  which 
underlie,  or  result  from,  "functional  "  maladies. 


THE  MUSCLES :  THEIR  ACTION  AND  PARALYSIS. 

Disease  of  the  motor  nervous  system  is  largely  manifested  by  loss 
of  muscular  action.  Individual  muscles,  as  well  as  groups  of  muscles, 
are  often  separately  affected.  Hence  it  is  desirable  to  consider  the 
symptoms  of  the  paralysis  of  the  more  important  muscles,  before  we 
enter  on  the  study  of  special  diseases. 

The  symptoms  of  the  palsy  of  any  muscle  is  a  loss  of  its  normal 
action,  and  a  knowledge  of  this  action  is  essential  for  the  comprehen- 
sion of  those  symptoms.  The  two  must  therefore  be  considered 
together.  They  are  positive  and  negative  aspects  of  the  same  facts. 
It  may  be  well,  at  the  same  time,  to  mention  the  nerve  by  which  each 
muscle  is  supplied. 

The  action  of  muscles  is  threefold.  (1)  By  their  tonic  contraction 
they  maintain  the  parts  in  a  certain  posture,  independently  of  volun- 
tary effort.  By  actual  contraction  they  (2)  produce  certain  movements, 
and  also  (3)  oppose  the  action  of  other  muscles  by  a  feebler  contrac- 
tion and  thus  steady  the  movement  that  results. 

The  complex  way  in  which  muscles  act  together,  and  modify  each 
other's  effect,  renders  the  subject  a  very  large  one.  Here,  only  an 
outline  can  be  given  of  the  more  important  facts  concerning  the  more 
important  muscles.  The  reader  who  desires  to  pursue  the  subject 
further  can  do  so  in  the  '  Physiologie  des  Mouvements,'  of  Duchenne, 
to  whose  researches  our  present  knowledge  is  largely  due. 

The  DiAPHEAGM  (phrenic  nerves  from  the  fourth  and  fifth  cervical)  although 
a  double  muscle  with  two  nerves,  habitually  acts  as  a  whole,  the  two  halves 
contracting  simultaneously  and  diminishing  each  lateral  curve  of  the  arch.  The 
central  tendon  descends  but  little.  The  abdominal  viscera  are  depressed,  and 
the  parietes  protruded.  If  the  hand  is  placed  beneath  the  ribs,  the  descent  of 
the  viscera  beneath  the  diaphragm  can  be  felt.  When  the  diaphragm  contracts 
alone,  as  when  the  intercostals  are  paralysed,  or  the  phrenic  nerve  is  faradised, 
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the  ribs  to  which  the  muscle  is  attached  are  slightly  raised  during  its  action,  and 
this  elevation  causes  a  slight  expansion  of  the  thorax.  In  ordinary  breathing 
this  expansion  is  I'ost  in  the  action  of  the  intercostals.  In  paralysis  the  inspi- 
ratory  protrusion  of  the  upper  part  of  the  abdomen  is  lost ;  it  even  recedes 
during  inspiration  instead  of  advancing,  and  a  descent  of  the  viscera  can  no 
longer  be  felt  by  the  hand.  There  often  results  a  remarkable  alternation  in  the 
respiratory  movements  of  the  thorax  and  abdomen,  the  retraction  of  the  one 
corresponding  to  the  protrusion  of  the  other. 

Steeno-Mastoid  (spinal  accessory  nerve),  passing  from  the  sternum  and 
adjacent  part  of  the  clavicle  to  the  mastoid  process,  inclines  the  head  towards, 
and  rotates  the  face  from,  the  side  on  which  the  muscle  contracts.  Both 
muscles  together  support  the  head  in  the  vertical  position,  and,  if  it  is 
bent  back,  they  bring  it  forwards  into,  but  not  beyond,  this  position. 
Paralysis  of  one  muscle  has  no  influence  on  the  position  of  the  head,  and  but 
little  on  its  movements.  Other  muscles  supplement  the  loss.  There  is  no  such 
thing  as  a  "  paralytic  torticollis."  In  palsy  of  both  muscles,  the  head  can  be 
balanced  in  the  vertical  position,  but  if  it  falls  back,  it  can  be  brought  forward 
only  with  great  difficulty.  Each  sterno-mastoid  is  associated  in  action  with  the 
muscles  of  the  other  side  ;  it  is  a  "  contra-lateral  muscle."  For  instance,  in 
using  the  right  arm,  the  head  is  turned  to  the  right  by  the  left  sterno-mastoid. 
This  association  is  sometimes  reproduced  in  disease. 


V  Muscles  moving  the  Upper  Limbs. 

Muscles  moving  the  Scapula  and  Shouldee- Joint. — The  Trapezius 
(spinal  accessory,  lower  cervical  and  upper  dorsal  nerves)  consists  of  three  parts. 
The  first,  from  the  occipital  bone  to  the  outer  end  of  the  clavicle,  is  rarely  used 
except  in  breathing  (respiratory  portion,  Duchenne).  The  second  part  is  that 
which  passes  from  the  lig.  nuchae,  lowest  cervical,  and  upper  three  dorsal  spines  ^ 
downwards  and  outwards  to  the  acromion  and  outer  part  of  the  spine  of  the 
scapula.  The  lowest  part  passes  from  the  dorsal  spines  below  the  third,  outwards 
and  partly  upwards,  to  the  inner  half  and  base  of  the  spine  of  the  scapula.  The 
second  part  is  the  chief  elevator  of  the  scapula  and  shoulder.  With  the  third 
part  it  brings  the  scapula  towards  the  spine,  and  puts  the  shoulder  back.  Both 
parts  tend  to  rotate  the  scapula — acromion  up,  lower  angle  out.  By  this  rota- 
tion the  arm  is  carried  above  the  horizontal  level,  to  which  the  deltoid  raises  it. 
Paralysis  of  the  highest  part  has  little  influence  on  the  movement  of  the  scapula, 
but  causes  a  change  in  the  contour  of  the  neck  (Fig.  5)  especially  conspicuous  on 
deep  inspiration.  The  change  in  the  shape  of  the  neck  is  very  great,  when  the 
arms  are  raised,  if  the  whole  trapezius  is  wasted  (Fig.  6).  In  palsy  of  the  middle 
part,  the  elevation  of  the  shoulder  is  imperfect ;  in  that  of  the  third  part,  the 
scapula  is  farther  from  the  spine  than  normal.  In  palsy  of  all  parts,  the 
scapula  becomes  rotated  (acromion  down,  inferior  angle  in)  by  the  weight  of  the 
arm  and  the  contraction  of  the  opponents  (Fig.  7).  The  rotation  may  mask  the 
displacement  outwards,  due  to  the  paralysis  of  the  lowest  part.  If  the  clavicular 
part  remains,  there  may  be  no  rotation,  but  the  scapula  is  lower  than  normal. 

The  Bhomboida  (fifth  cervical  nerve,  by  a  branch  that  passes  through  the 
scalenus)  first  rotate  the  scapula  on  the  outer  angle,  moving  the  lower  angle 
inwards,  and  then  move  the  whole  scapula  upwards  and  inwards.  In  strong 
elevation,  they  aid  the  trapezius,  which  prevents  the  rotation  of  the  scapula. 
The  rotatory  action  aids  forcible  depression  of  the  raised  arm.  .  The  muscles  also 
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fix  the  scapula  for  the  action  of  the  teres  major.  Their  tone  helps  to  keep 
the  scapula  against  the  thorax  (opposing  the  pectoralis)  and  in  its  vertical 


Fig.  5. — Paralysis  and  wasting  of  tra- 
pezius ;  alteration  in  contour  of 
shoulder  at  rest. 


Fig.  6. — Ditto,  when  the  arms  are 
raised  (the  right  one  being  aided 
by  another  person). 


position  (opposing  the  serratus),  and  hence,  in  paralysis,  the  edge  of  the  scapula, 

at  rest,  stands  out  a  little,  leaving  a  furrow,  and  the  scapula 
is  slightly  rotated  (lower  angle  out).  Movement  is  hut 
little  interfered  with  by  the  paralysis  of  the  rhomboids, 
the  most  important  effect  being  that  the  movement  back- 
wards of  the  raised  arm  by  the  teres  and  deltoid  is  feeble 
for  want  of  the  fixation  of  the  scapula. 

The  Levator  anguli  scapula  (third  cervical  nerve) 
first  rotates  the  scapula  on  the  outer  angle  and  then 
raises  it.  The  muscle  is  usually  paralysed  with  the 
trapezius,  and  then  the  scapula  falls,  but  the  special 
effect  of  its  palsy  is  lost  in  that  of  the  ti-apezius.  If 
the  levator  is  preserved,  and  the  trapezius  paralysed, 
there  is  great  rotation  of  the  scapula,  which  is,  as  it  were, 
suspended  by  its  inner  angle  (Fig.  7). 

Serratus  magnus  (posterior  thoracic  nerve,  from  the 
fifth  and  sixth  cervical)  carries  the  scapula  outwards, 
forwards,  and  slightly  upwards,  when  the  arm  is  put 
forwards.  It  tends  to  rotate  the  scapula  on  the  inner 
angle  (acromion  up),  the  lower  fibres  most  powerfully, 
Paralysis  and  this  rotation  is  prevented  by  the  rhomboids  and  leva- 
tor  anguli.  It  does  not  raise  the  shoulder  when  the  arm 
is  hanging.  It  helps  to  fix  the  scapula  when  the  pos- 
terior fibres  of  the  deltoid  move  the  raised  arm  back. 
If  the  scapula  is  fixed  by  the  rhomboids,  the  sen*atus  can 
act  on  the  ribs,  and  aid  forced  inspiration.  It  has  most 
inspiratory  effect  when  the  arms  are  elevated.  In  para- 
lysis there  may  be  little  change  in  the  position  of  the 
scapula  at  rest,  but  often  there  is  slight  rotation  (lower  angle  in)  fi-om  the 
unopposed  tone  of  the  rhomboids.  When  the  arm  is  moved  fomards  by  the 
anterior  part  of  the  deltoid,  the  scapula,  no  longer  held  against  the  thorax  and 


Fig.  7. 

wasting  of  deltoid 
and  trapezius ;  ro- 
tation of  scapula, 
from  weight  of  arm, 
in  consequence  of  the 
paralysis  of  the  tra- 
pezius ;  progressive 
muscular  atrophy. 
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moved  forwards  by  the  serratus,  is  rotated  on  its  vertical  axis  by  the  action  of 
the  anterior  part  of  the 
deltoid  on  the  humerus, 
and  of  the  middle  part  on  the 
scapula.  Thus  the  posterior 
edge  recedes  from  the  thorax, 
leaving  a  gi'oove  into  which 
the  hand  can  sometimes  be 
placed  (Fig.  8).  The  scapula 
is,  at  the  same  time,  rotated  ; 
lower  angle  inwards  and  up- 
wards. Elevation  of  the 
arm  above  the  level  of  the 
shoulder  is  much  weakened, 
but  can  be  imperfectly  ef- 
fected by  the  middle  part  of 
the  trapezius.  Loss  of  the 
serratus  weakens  othermove- 
ments,  but  does  not  abolish 
any.  Inspiratory  expansion 
of  the  thorax,  when  the  arms 
are  raised,  is  distinctly  less  on 
the  paralysed  side  (Poore). 

The  Deltoid  (circumflex 
nerve,  from  the  four  lowest 
cervical)  abducts  the  hu- 
meinis,  the  anterior  and  pos- 
terior fibres  also  moving  the 
arm  forwards  and  backwards 
respectively.    The  arm  is 
raised  least  by  the  posterior, 
and  most  by  the  anterior 
fibres,  but  even  the  latter 
only  elevate  it  to  a  right  angle  with 
the  trunk.    Hence,  if  raised  by  the 
anterior  fibres,  and  then  moved  back 
by  the  posterior,  it  is  at  the  same 
time  depressed.     Elevation  above  a 
right  angle  is   by  rotation  of  the 
scapula  (trapezius  and  serratus).  These 
muscles  also  fix  the  scapula  for  the 
deltoid,  preventing  the  rotation  (acro- 
mion down,  lower  angle  in)  that  the 
deltoid,  acting  alone,  would  cause.  In 
paralysis,  abduction  of  the  arm,  direct, 
forwards,  and  backwards,  is  almost  lost. 
All  the  abduction  that  remains  is  a 
trifling  movement  by  the  supraspina- 
tus.    An  attempt  to  abduct  results  in 

rotation  of  the  scapula  and  elevation  FiG.  g.-Paralysis  of  right  deltoid;  cle- 
,     n  .  vation  ot  snoulder  by  trapezius  on  an 

of  the  shoulder  (Fig.  9)  from  an  ex-  attempt  to  raise  the  nrm,  which  is 
cessive  innervation  of  the  associated      slightly  abducted  by  the  supraspinatus. 


Fig.  8. — Paralysis  of  the  serratus  magnus;  eversion 
and  rotation  of  scapula  when  the  arm  is  put  for- 
wards. 
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trapezius  and  serratus,  which,  as  we  have  seen,  fix  the  scapula  when  the 
deltoid  acts.  Paralysis  of  single  parts  of  the  deltoid  causes  loss  of  the  corre- 
sponding movement  of  the  arm,  but  if  the  middle  part  only  is  paralysed,  there 
is  still  a  limited  power  of  direct  abduction  by  the  conjoined  contraction  of  the 
anterior  and  posterior  parts,  aided  by  the  supraspinatus. 

The  Supraspinatus  (suprascapular  nerve)  abducts  the  arm,  moves  it  forwards, 
and  rotates  it  in.  It  thus  aids  the  deltoid.  Isolated  paralysis  of  the  supra- 
spinatus has  little  influence  on  movement  or  position,  but  if  the  deltoid  is  also 
paralysed,  the  head  of  the  humerus  falls  away  from  the  acromion  far  more  than 
when  the  deltoid  is  paralysed  alone. 

The  Infraspinatus  (suprascapular  nerve)  rotates  the  humerus  outwards,  and 
in  paralysis  this  movement  is  lost.  A  difficulty  in  writing  is  produced,  the 
movement  along  the  line  being  by  this  rotation  of  the  humerus. 

The  Teres  minor  (circumflex  nerve)  has  a  similar  action  to  the  infraspinatus, 
and  its  palsy  has  a  similar  effect. 

The  Subscapularis  (short  subscapular  nerve,  from  the  fifth  and  sixth  cervical) 
rotates  the  humerus  in,  and  its  paralysis  lessens  this  movement. 

The  Latissimus  dorsi  (long  subscapular  nerve,  from  the  brachial  plexus— last 
four  cervical  nerves)  lowers  the  raised  arm,  and  puts  it  back ;  the  upper  part 
adducts  the  scapula,  the  lower  depresses  the  shoulder  by  acting  on  the  humeinis, 
which  it  tends  to  drag  out  of  the  socket.  It  inclines  the  trunk  a  little,  and 
both  muscles  together  extend  the  trunk.  In  paralysis,  forcible  backward  de- 
pression of  the  raised  arm  is  lost,  and  the  shoulder  cannot  be  put  back  without 
being  also  raised  (by  the  trapezius). 

The  Vector alis  major  (anterior  thoracic  nerves  from  the  brachial  plexus)  con- 
sists of  two  muscles,  the  action  of  the  clavicular  and  sternal  parts  being  different. 
The  clavicular  (which  arises  also  from  the  highest  part  of  the  sternum),  if  the 
arm  is  hanging,  brings  the  shoulder  forwards  and  upwards,  as  in  shivering ; 
if  the  arm  is  raised,  it  is  brought  forwards  and  lowered  to  the  horizontal  posi- 
tion. The  muscle  is  thus  concerned,  Duchenne  says,  in  the  "  cut  "  of  the  swords- 
man and  the  benediction  of  the  priest.  The  sternal  portion  lowers  the  raised 
arm  from  every  position,  and  if  the  arm  is  hanging,  it  draws  the  shoulder 
down.  Paralysis  of  the  upper  part  has  little  effect  on  the  movement  of  the 
arm,  because  the  anterior  fibres  of  the  deltoid  have  the  same  action.  It  is  easily 
recognised  by  making  the  patient  put  his  arms  in  front  of  him  and  press  the 
palms  together.  In  paralysis  of  the  lower  part,  even  with  the'  latissimus,  the 
raised  arm  can  still  be  lowered  accurately,  by  the  weight  of  the  arm  and  relaxa- 
tion of  the  elevatore,  but  it  cannot  be  lowered  against  even  a  slight  resistance. 
Thus  a  blacksmith  with  this  defect  could  wield  a  heavy  hammer,  but  could  not 
blow  the  bellows  by  pulling  downwards  a  cord  (Duchenne). 

The  Teres  major  (short  subscapular  nerve)  approximates  the  humerus  and 
the  outer  edge  of  the  scapula,  by  bringing  the  former  to  the  side  of  the  tnink, 
and  rotating  the  latter.  The  simultaneous  contraction  of  the  levator  anguli 
and  rhomboids,  fixing  the  inner  angle,  causes  this  rotation  to  raise  the  promi- 
nence of  the  shoulder.  Hence,  in  a  forcible  elevation  of  the  shoulder,  the  arm 
is  pressed  against  the  side,  the  lower  fibres  of  the  latissimus  and  pectoralis 
major  aiding  the  adduction.  The  teres  cannot  alone  put  the  arm  behind  the 
trunk.  In  paralysis,  the  elevation  of  the  shoulder,  with  the  arm  against  the 
side,  is  lost. 

Muscles  moving  the  Foeeaem. —  Triceps  (musculo-spiral  nerve). — The  long 
head  has  an  action  similar  to  the  teres,  but  feebler.  It  contracts  when  the  arm 
is  forcibly  lowered,  and  prevents  the  displacement  downwards  of  the  head  of 
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the  humerus  by  the  actual  depressors,  the  latissimus  and  pectoralis.  All  parts 
extend  the  ell)ow,  the  long  head  with  less  force  than  the  others,  but  its  action  on 
the  shoulder-joint,  just  mentioned,  is  important,  because  forcible  depression  of  tlie 
raised  arm  is  often  associated  with  extension  of  the  elbow.  In  paralysis  of  the 
triceps,  the  elbow  can  only  be  extended  by  the  weight  of  the  forearm,  and  ex- 
tension  against  gravitation  is  impossible.  Thus  a  man  with  paralysis  of  the 
triceps  cannot  raise  his  hat  in  the  customary  manner.  Flexion  of  the  elbow 
is  uncertain,  on  account  of  the  loss  of  the  antagonistic  steadying  force. 

The  Brachialis  anticus  (musculo-cutaneous  and  musculo-spiral  nerves)  flexes 
the  elbow  simply.  Its  rare  isolated  palsy  has  little  effect,  since  it  is  supple- 
mented by  the  biceps  and  supinator  longus. 

The  Biceps  (musculo-cutaneous  nerve)  supinates  the  forearm  if  it  is  pronated, 
and  then  flexes  the  elbow.  In  paralysis  the  flexion  can  still  be  effected,  but  the 
traction  on  the  humerus  causes  pain  at  the  shoulder,  from  the  loss  of  the  support 
of  the  long  head  of  the  biceps. 

The  Supinator  longus  (musculo-spiral  nerve)  places  the  forearm  midway 
between  pronation  and  supination,  and  then  flexes  the  elbow.  If  it  is  paralysed, 
there  is  a  tendency  for  supination  to  accompany  flexion  (biceps),  and  if  the 
brachialis  anticus  is  also  paralysed,  the  elbow  can  only  be  flexed  when  the  fore- 
arm  is  supinated. 

If  the  three  direct  flexors  of  the  elbow  are  paralysed,  feeble  flexion  is  still 
possible  by  the  extensors  of  the  wrist,  which  cross  the  elbow-joint,  but  only 
after  the  forearm  has  been  pronated,  and  the  wrist  over- extended. 

Pronators. — The  p.  teres  and  p.  quadratus  (median  nerve)  both  pronate 
strongly,  and  their  palsy  causes  loss  of  this  movement,  but  pronation  to  the 
mid-position  is  still  possible  by  the  supinator  longus. 

The  Supinator  hrevis  (musculo-spiral  nerve  by  posterior  interosseal  branch) 
is  the  only  simple  supinator.  If  it  is  paralysed,  supination  can  still  be  effected 
by  the  biceps,  and  also  by  the  supinator  longus  as  far  as  midway  between 
pi'onation  and  supination. 

Muscles  moving  the  Hand. — Flexors  of  Wrist. — The  /.  carpi  ulnaris 
(ulnar  nerve)  and/,  carpi  radialis  (median)  flex  the  wrist.  The  ulnar  tends 
to  turn  the  supinated  hand  still  more  out,  but  they  do  not  move  the  wrist- 
joint  laterally.  Flexion  indeed  hinders  the  lateral  movements  of  the  wrist,  in 
consequence  of  the  shape  of  the  articular  surfaces.  The  f.  c.  ulnaris  flexes  the 
fifth  metacarpal  bone  on  the  carpus,  as  well  as  the  wrist- joint.  In  paralysis, 
flexion  of  the  wrist  can  only  be  effected  by  the  flexors  of  the  fingers  when  these 
are  extended.  Extension  of  the  wrist  is  unsteady  fi-om  the  loss  of  the  synergic 
contraction  of  the  flexors. 

Extensors  of  Wrist. — E,  carpi  radialis  hrevis  et  longus :  e.  c.  ulnaris  (mus- 
culo-spiral nerve  and  its  radial  branch).  The  short  radial  is  a  direct  extensor; 
the  long  radial  and  the  ulnar  move  the  hand  laterally  as  well.  In  paralysis  of 
all  three  extensors,  the  wrist  can  only  be  extended  by  the  extensors  of  the 
fingers  when  the  phalanges  are  flexed.  In  loss  of  the  short  radial,  direct  exten- 
sion is  still  possible  by  the  long  radial  and  ulnar,  and  lateral  extension  by  one 
of  these  alone.  If  either  is  paralysed,  together  with  the  short  radial,  direct 
extension  is  lost,  and  only  lateral  extension,  in  the  direction  of  the  remaining 
muscle,  is  possible.  Paralysis  of  either  lateral  extensor,  long  radial  or  ulnar, 
leads  to  permanent  deviation  of  the  wrist  in  the  direction  of  the  remaining 
muscle  (Fig.  10).  The  loss  of  the  long  radial  is  more  serious  than  that  of  the 
ulnar,  because  the  radial  lateral  movement  is  of  more  importance,  being  needed  for 
the  convenient  movement  of  the  hand  to  the  mouth.    Paralysis  of  the  extensors 
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ri&.  10.— Paralysis  of 
the  long  radial  ex- 
tensor of  the  wrist  in  a 
voung  child ;  habitual 
deviation  of  the  hand 
towards  the  ulnar  side. 
(After  Duchenne.) 


doT  h'  f  r''r     ^^l  ^^'^"^  shoi-tening  of  the  course  of  tl,e  ten- 

dons, by  the  flexion  of  the  wrist  that  occurs.    The  ulnar  extensor  a«ts  also  syner- 

gically  with  the  extensor  of  the  metacai-pal  bone  of  the 
thumb,  as  may  be  noted  if  the  finger  is  placed  on  the  ten- 
don  beneath  the  styloid  process  of  the  ulna.  Hence,  in 
paralysis  of  this  extensor,  the  hand  deviates  laterally 
when  the  thumb  is  strongly  extended. 

Extensors  of  the  fingers;  Extensor  communis  digi- 
torum ;  E.  indicis ;  E.  m-inimi  digiti  (musculo-spiral 
nerve).  The  common  extensor  moves  the  fingers  and 
then  the  wrist.  -  When  the  muscle  is  faradised,  the  ex- 
tension begins  at  the  distal  phalanges,  and  these 
become  flexed  again,  when  the  hand  is  extended  be- 
yond the  plane  of  the  forearm,  by  the  tonic  force  of 
the  flexors,  the  course  of  their  tendons  being  elon- 
gated by  the  extension  of  the  wrist.  But  physiolo- 
gically the  muscle  has  little  action  on  the  last  two 
phalanges,  since  they  cannot  be  extended  by  the  long 
extensor,  if  the  interossei,  their  proper  extensors,  are 
paralysed.  During  extension  by  the  communis  the 
fingers  are  separated  from  the  second.  The  extensors 
of  the  first  and  last  fingers  have  a  similar  extensor  action,  but,  in  addition, 
they  adduct  their  respective  fingers  towards  the  midde  finger.  In  paralysis  the 
extension  of  the  fingers  is  impossible,  but  if  the  proximal  phalanges  are  passively 
extended,  the  middle  and  distal  joints  can  be  extended  by  the  interossei.  For 

the  lateral  movements  of  the  digits, 
extension  of  the  proximal  phalanges 
is  essential,  and  hence  these  move- 
ments are  lost,  but  they  can  be  per- 
formed if  the  proximal  phalanges 
are  passively  extended.  The  posture 
of  the  fingers  due  to  contraction  of 
the  palmar  fascia  resembles  that  in 
palsy  of  the  long  extensor  (see 
Fig.  11),  but  an  examination  of  the 
palm  shows  the  cause  of  the  flexion. 

Flexors  of  fingers ;  F.  sublimis 
(median  nerve) ;  F.  profundus- 
(median  and  ulnar  nerves).  These 
muscles  flex  chiefly  the  second  and 
third  phalanges,  the  first  phalanx 
being  flexed  by  the  interossei.  The  superficial  muscle  flexes  the  second 
phalanx  on  the  first,  the  deep  flexes  both.  The  action  on  the  first  phalanx 
is  confined  to  extreme  flexion  of  the  fingers,  and  is  the  less  the  more  the  wrist 
is  flexed.  But  if  the  flexion  of  the  middle  and  distal  phalanges  is  prevented, 
the  first  is  strongly  flexed.  In  extreme  shoi-tening  of  the  course  of  the  tendons 
by  flexion  of  the  wrist,  the  action  on  the  fingers  is  veiy  feeble,  and  hence  there 
is  a  normal  synergic  action  of  the  extensors  of  the  wrist.  When  the  extensor 
of  the  fingers  is  in  strong  action,  extending  the  proximal  phalanges,  the  action 
of  the  flexors  on  the  second  and  third  joints  is  very  strong  (tearing  position). 
In  paralysis  of  these  muscles  the  .power  of  flexing  the  last  two  joints  is  lost,  but 
the  interossei  still  flex  the  metacarpo-phalangeal  joints.    Paralysis  of  the  deep 


Fig.  11. — Posture  of  the  hand  in  contraction 
of  the  palmar  fascia,  resembling  that  in 
paralysis  of  the  long  extensors  of  the  fin- 
ger. (From  a  sketch  by  Mr.  V.  Horsley.) 
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flexor  alone  causes  loss  of  the  power  of  flexing  the  distal  joint,  but  interferes  with 
many  movements,  such  as  playing  on  the  piano.  In  paralysis  of  these  muscles, 
the  unopposed  tone  of  their  opponents,  the  interossei, 
which  extend  these  joints,  leads  in  time  to  over-exten- 
sion, and,  with  repeated  passive  pressure  in  using  the 
fingers,  may  even  produce  a  subluxation  backwards. 
In  palsy  of  the  sublimis  this  effect  is  chiefly  seen  at 
the  middle  joint  (Fig.  12),  in  that  of  the  profundus  as 
the  distal  joint. 

Interossei  and  lumbricales  (ulnar  nerve,  except  the 
outer  two  lumbricales,  which  are  supplied  by  the  median). 
The  Interossei  abduct  and  adduct  the  fingers,  but  only 
when  these  are  extended  at  the  metacarpo-phalangeal 
joints,  and  some  effort  is  required  for  adduction,  since 
the  tendency  of  the  long  extensor  is  to  separate  the 
fingers,  and  this  influence  has  to  be  overcome.  They 
also  extend  the  second  and  third  phalanges  on  the  first, 
and  flex  the  first  on  the  metacarpal  bones.  The  lum- 
bricales aid  the  flexor-extensor  action  of  the  interossei, 
but  do  not  move  the  fingers  laterally.  The  opposite 
action  of  the  forearm  muscles  and  of  the  interosseal 
extensors  and  flexors  is  very  important.  Their  sy- 
nergic action  steadies  movements,  and  in  many  actions 
they  contract  alternately.  Thus  in  making  a  down- 
stroke  with  a  pen  or  pencil,  the  long  flexors  bend  the 
last  two  joints  ;  while  in  making  an  upstroke,  these 
are  extended,  and  the  metacarpo-phalangeal  joint  is 
flexed,  by  the  interossei.  In  paralysis  of  these  muscles 
the  lateral  movements  are  lost,  but  a  slight  abduction 
and  adduction  of  the  index  can  still  be  effected  by  its  long  extensors.  Only  the 
first  phalanx  can  be  extended,  and  flexion  is  almost  confined  to  the  last  two 
phalanges.  The  first  three  lumbricales,  being  supplied  by  the  median  nerve, 
often  escape  when  the  other  muscles  are  paralysed  by  an  injury  to  the  ulnar 
nerve,  and  these  aid  the  others  when  they  are  merely  weak ;  hence  the  index 
and  middle  fingers  seem  to  recover  before  the  others  (Fig.  13).  The  position  of 
the  hand  at  rest  becomes  altered.    Normally  there  is  slight  flexion  at  all  joints 


Fia.  12. — Paralysis  of 
the  fibres  of  the  flexor 
sublimis  which  act  on 
the  two  middle  fingers : 
twelve  years'  dura- 
tion. The  second  pha- 
langes of  these  fingers 
are  hent  backwards 
aud  subluxated  from 
the  contracture  of  the 
unopposed  interossei, 
while  the  last  pha- 
langes are  kept  in 
position  by  the  un- 
affected flexor  pro- 
fundus. (After  Du- 
chenne.) 


Fi&.  13. 


Pig.  14. 


Fig.  13. — Recent  incomplete  paralysis  of  the  interossei  from  a  punctured 
wound  of  the  ulnar  nerve  at  the  wrist :  attempt  to  extend  fingers.  The  loss 
of  extension  of  the  last  two  phalanges  is  chiefly  marked  in  the  last  two  fingers, 
from  the  influence  of  the  lumbricales  (supplied  by  the  median)  on  the  others. 
(After  Ducbenne.) 

Fig.  14. —  Paralysis  of  the  interossei  (ulnar  nerve)  slight  in  degree  :  attitude 
of  fingers  at  rest. 
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by  the  tone  of  the  muscles,  interossei  and  long  flexors.  In  paralysis  the  first 
phalanx  is  in  a  line  with  the  metacarpal  bones,  while  the  otlier  phalanges  are 
flexed,  the  middle  more  than  the  distal  (Fig.  14).  In  action  this  flexion  is 
always  increased,  the  metacarpo-phalangeal  joints  become  over-extended,  and 
the  other  joints  strongly  flexed  (Fig.  15).    Gradually  the  hand  assumes'  this 


Fia,  15. — Attempt  to  unbutton  waistcoat  by  the  band  shown  in  the  last 
figure  ;  extreme  flexion  of  the  two  last  phalanges,  and  extension  of  the  first,  on 
the  attempt  to  use  the  fingers.    (Prom  nature.) 

Pig-.  16.— Old-standing  palsy  of  interossei  and  thenar  muscles,  showing  the 
over-extension  of  the  first  and  flexion  of  the  two  last  phalanges. 

Pig.  17.— Paralysis  of  all  the  intrinsic  muscles  of  the  hand  and  of  the 
long  flexor  of  the  thumb,  in  consequence  of  an  injury  to  the  brachial  plexus  in 
dislocation  of  the  shoulder.  The  fingers  present  the  claw-like  attitude,  the 
thumb  is  in  extension.    (After  Duchenne.) 

Pig.  18.— Paralysis  of  the  ulnar  nerve  from  a  wound  at  the  wrist  (indicated 
in  the  figure).  Extreme  claw-like  hand  from  the  unopposed  contraction  of  the 
common  extensor  and  long  flexors  of  the  fingers  and  thumb.    (After  Duchenne.) 

posture  even  at  rest  (Fig.  16),  and  ultimately  the  posture  becomes  warped  into 
a  deformity  by  the  over-extension  of  the  first  phalanges,  and  extreme  flexion 
of  the  others,  due  to  the  contracture  of  the  long  extensor  and  of  the  flexors  ; 
the  tendons  of  these  muscles  stand  out  conspicuously  on  the  back  and  in  the 
palm,  and  a  claw -like  attitude  is  developed,  the  "  main  en  griffe  "  (Figs.  17  and 
18).    Changes  in  the  articulations  may  ultimately  limit  even  passive  movement. 

Muscles  of  the  Thumb. — Extensor  secundi  internodii  pollicis  (musculo- 
spiral  nerve)  extends  both  phalanges,  and  moves  the  whole  thumb  backwards 
and  from  the  fingers,  so  as  to  bring  it  behind  the  plane  of  the  metacarpus.  It 
may  ultimately  extend  the  wrist- joint,  but  it  never  supinates.  It  is  not  used  in 
extending  the  thumb  when  this  is  opposed  to  the  first  finger.  In  para- 
lysis, the  metacarpal  bone  of  the  thumb  is  slightly  flexed  on  the  carpus,  and  is 
inclined  forwards.  The  second  phalanx  is  flexed  on  the  first,  and  can  only  be 
extended  (by  the  abductor  and  outer  part  of  the  short  flexor)  when  the  meta- 
carpal bone  is  adducted,  and  tlie  first  phalanx  is  flexed.  The  const  ant  flexion  of 
the  second  phalanx  interferes  with  the  movement  of  the  index  finger,  unless  the 
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patient  remembera  to  move  the  thumb  out  of  the  way  by  the  extensor  of  the 
metacarpal  bone.  Writing  is  not  interfered  with  because  the  muscle  is  not  con- 
cerned in  extension  with  opposition. 

The  Extensor  primi  internodii  poUicis  (musculo-spiral  nerve)  is  the  true 
abductor  of  the  thumb.  It  moves  the  metacarpal  bone  outwards,  and  extends 
the  first  phalanx.  It  would  move  the  whole  hand  in  the  same  direction  as  the 
thumb,  were  not  this  tendency  counteracted  by  the  synergic  contraction  of  the 
extensor  carpi  ulnaris  (q.  v.).  It  does  not  pronate  or  supinate.  In  paralysis, 
abduction  of  the  metacarpal  bone  is  less  than  normal.  There  is  an  undue  flexion 
of  the  first  phalanx,  and  the  metacarpal  bone  is  flexed  on  the  carpus,  so  that  the 
thumb  is  drawn  towards  the  palm.  The  loss  of  this  muscle  is,  however,  compen- 
sated  to  a  considerable  extent  by  other  muscles. 

The  Extensor  ossis  metarcarpi  poinds  (musculo-spiral  nerve)  is  really  the  long 
abductor  of  the  thumb.  It  moves  the  metacarpal  bone  outwards  and  forwards, 
flexing  it  on  the  carpus,  and  then  flexes  the  wrist  with  slight  pronation.  It  thus 
moves  the  thumb  as  much  foi-wards  as  outwards.  In  paralysis  the  metacarpal 
bone  is,  at  rest,  less  inclined  forwards  than  normal,  and  somewhat  abducted,  but 
the  first  phalanx  is  in  its  normal  position.  Movement  of  the  thumb  is  but  little 
interfered  with. 

In  combined  palsy  of  the  extensors  of  the  first  phalanx  and  of  the  metacarpal 
bone  (common  in  lead  palsy),  the  thumb  becomes  adducted,  and  is  parallel  to  the 
radius.    The  first  phalanx  is  slightly  flexed  by  the  thenar  muscles. 

The  Thenar  muscles  constitute  two  groups  :  (1)  The  short  abductor  and 
outer  portion  of  the  short  flexor  (median  nerve)  move  the  metacarpal  bone  for- 
wards and  inwards  (flexing  the  first  phalanx),  incline  it  outwards,  and  rotate  it 
inwards,  so  as  to  place  its  palmar  aspect  opposite  the  fingers.  The  second 
phalanx  is  ultimately  extended.  If  the  metacarpal  bone  is  previously  abducted 
the  movement  is  greater  and  amounts  to  cii'cumduction.  (2)  The  adductor 
and  inner  part  of  short  flexor  {ulTiax  nerve)  go  to  the  inner  side  of  the  first 
phalanx.  The  metacarpal  bone  is  moved  towards  that  of  the  second  finger ;  if 
previously  flexed,  it  is  extended  ;  if  previously  opposed  to  the  index,  it  is  moved 
a  little  outwards.  The  phalanges  follow  the  movements  of  the  metacarpal  bone, 
but  the  first  is  slightly  flexed  and  the  second  is  extended,  as  the  fingers  are  by 
the  interossei. 

The  Opponens  poinds  (median  nerve)  flexes  the  metacarpal  bone  on  the 
carpus,  and  abducts  it,  but  this  movement  is  insufficient  to  oppose  the  thumb  to 
the  index ;  the  conjoint  action  of  the  abductor  is  necessaiy  (see  above). 

The  Flexor  longus  pollids  (median  nerve)  flexes  the  second  phalanx  forcibly 
and  the  first  feebly.  It  has  no  action  on  the  metacarpal  bone.  It  is  used  in 
writing  (making  a  stroke  towards  the  body)  and  in  picking  up  a  small  object, 
&c.  In  paralysis  this  flexion  is  lost,  and  with  it  these  actions  ;  if  an  object  is 
held  between  the  tips  of  the  thumb  and  forefinger,  the  last  phalanx  of  the 
thumb  is  bent  back.    Other  movements  of  the  thumb  are  not  interfered  with. 

If  all  the  thenar  muscles  are  paralysed,  the  metacarpal  bone  is  in  the  plane  of 
the  index,  and  drawn  towards  it  by  the  extensor  of  the  second  phalanx,  which 
moves  the  metacarpal  bone  inwards  and  backwards.  The  whole  thumb  corre- 
sponds with  the  metacarpal  bone  in  position,  the  phalanges  being  normal.  In 
paralysis  of  the  short  abductor  and  flexor,  the  second  phalanx  cannot  be  extended 
unless  the  metacarpal  bone  is  abducted.  These  short  muscles  normally  prevent 
the  abduction  that  the  extensor  of  the  second  phalanx  tends  to  produce.  The 
latter,  moreover,  prevents  undue  adduction  when  the  special  abductors  are  para- 
lysed, but  brings  the  metacarpal  bone  into  the  plane  of  the  index.    Thus  the 
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posture  of  the  hand  at  rest  resembles  that  of  the  hand  of  an  ape  (Figs,  19  and  20). 
If  the  abductor  and  opponens  are  paralysed,  the  tips  of  the  thumb  and  fingers  can 
Fia.  19.  Fig.  20. 


Pig.  21. 


Pig.  19.    Normal  position  of  the  thumb  (for  comparison  with  the  succeeding 
figures.) 

Fig.  20.— Position  of  the  hand  in  long-standing  paralysis  and  wasting  of  the 
thenar  muscles.  Under  the  influence  of  the  long  extensor  the  metacarpal  bone 
of  the  thumb  has  been  brought  into  the  same  position  as  the  other  metacarpal 
bones,  being  rotated  slightly,  so  that  the  back  of  the  thumb  is  in  the  plane  of 
the  back  of  the  hand,  like  the  hand  of  the  ape.    (After  Duchenne.) 

Fig.  21,  from  another  case,  shows  the  same  condition,  but  still  greater  dis- 
placement of  the  metacarpal  bone  has  taken  place,  from  the  greater  contraction 
of  the  extensor.    (After  Duchenne.) 

only  be  brought  together  by  flexing  the  last 
phalanges  of  the  digits  (Fig.  22).  Then  the 
thumb  can  be  brought  into  contact  with  the 
finger  by  means  of  the  shoi-t  flexor,  which 
inclines  the  metacarpal  bone  suflBciently  to 
efEect  this,  although  not  enough  for  the  tip 
of  the  first  finger  to  touch  the  thumb  when  its 
phalanges  are  extended. 

If  the  short  flexor  is  paralysed,  the  thumb 
can  still  be  opposed  to  the  first  two  fingers  by 
the  abductor,  but  it  cannot  be  opposed  to  the 
two  last  fingers,  on  account  of  the  deficient 
lateral  inclination  of  the  thumb,  which  should 
be  produced  by  this  muscle.  Writing  is  easy 
by  means  of  the  short  abductor,  whereas,  if 
this  is  lost,  although  the  thumb  can  be  opposed 
to  each  of  the  fingers,  writing  is  much  inter- 
fered with. 

If  all  the  thenar  muscles  are  paralysed,  a 
certain  amount  of  opposition  of  the  thumb  and 
fingers  is  still  possible,  by  means  of  the  flexion 
of  the  last  phalanges  of  the  thumb  and  fingers. 
If  all  are  paralysed  except  the  adductor,  objects 
can  still  be  held  between  the  thumb  and  side  of 
the  palm. 


Fig.  22. — Paralysis  of  the  ab- 
ductor brevis  and  opponens 
pollicis.  From  the  want  of 
these  muscles  the  thumb  can 
only  be  brought  in  contact 
with  the  tip  of  the  index  by 
strong  flexion  of  the  last  two 
phalanges  of  the  fingers,  other- 
wise the  tip  of  the  thumb 
only  reaches  the  middle  of 
the  second  phalanx.  (After 
Duchenne.) 


Muscles  of  the  Lower  Limb. 

Muscles  moving  the  Hip-Joint. — The  Gluteus  maximm  (small  sciatic 
nerve  chiefly)  extends  the  hip-joint,  and  feebly  rotates  the  thigh  outwards.  It 
is  the  most  powerful  extensor  of  the  hip,  and  it  is  chiefly  used  when  a  forcible 
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extension  is  required,  and  the  joint  has  been  previously  flexed.  It  is  employed, 
not  in  standing,  or  in  walking  on  level  ground,  but  in  going  upstairs,  or  uphill, 
and  in  rising  from  a  seat.  When  it  is  paralysed  these  movements  are 
difficult. 

The  Gluteus  medium  (gluteal  nerve)  is  the  chief  abductor.  All  parts  of  the 
muscle  have  this  action,  but,  in  addition,  the  anterior  third  moves  the  thigh 
forwards  and  rotates  it  inwards,  while  the  posterior  third  moves  it  backwards 
and  rotates  outwards.  The  successive  action  of  the  several  parts  causes  circum- 
duction.  The  Gluteus  minimus  (gluteal  nerve)  has  probably  the  same  action. 
In  paralysis,  abduction  and  circumduction  are  lost ;  in  standing  on  the  other  foot 
the  pelvis  is  inclined  from  the  affected  side,  and  hence,  in  walking,  there  is  an 
oscillation  of  the  trunk,  which  becomes  very  considerable  if  the  muscles  of  both 
sides  are  affected.  Moreover,  the  unopposed  tone  of  the  outward  rotators  pro- 
duces a  permanent  rotation  of  the  leg,  so  that  the  toes  are  directed  outwards, 
and,  from  the  altered  position  of  the  foot,  the  propulsion  of  the  body  in  walking 
is  deficient. 

The  Pyriformis,  Gemelli,  Obturator  internus,  and  Quadratus  femoris  (special 
nerves  from  the  sacral  plexus),  all  rotate  the  thigh  outwards,  and  the  first- 
named  muscle,  in  addition,  carries  the  thigh  obliquely  backwards  and  outwards, 
in  the  same  way  as  the  posterior  fibres  of  the  gluteus  medius.  In  paralysis  of 
these  muscles,  external  rotation  is  impossible,  and  the  unopposed  tone  of  the 
internal  rotators  (anterior  fibres  of  the  gluteus  medius  and  minimus)  causes  the 
leg  and  foot  to  be  habitually  turned  inwards. 

The  Psoas  (lumbar  nerves)  and  Iliacus  (anterior  crural  nerve)  flex  the  hip- 
joint,  and,  in  doing  so,  cause  also  a  slight  rotation  outwards.  In  paralysis 
flexion  is  lost,  and  the  use  of  the  leg  in  walking  becomes  impossible. 

The  Tensor  of  the  Fascia  lata  has  a  slight  power  of  flexing  the  hip,  and  at 
the  same  time  rotates  the  thigh  in.  It  normally  counteracts  the  tendency  of 
the  ilio-psoas  to  rotate  outwards.  If  it  is  paralysed,  there  is  a  tendency  for  the 
foot  to  turn  out  when  it  is  being  brought  forward  in  the  act  of  walking. 

Adductors  of  the  Thigh. — The  Pectineus  (obtui-ator  nerve)  causes  an  oblique 
movement  forwards  and  inwards,  i.e.  a  combined  flexion  and  adduction,  as  in 
crossing  the  legs.  It  also  rotates  outwards.  The  Adductor  longus,  and  pro- 
bably the  Adductor  brevis  (obturator  nerves),  have  the  same  action,  but  the 
flexion  is  less  than  by  the  pectineus.  The  Adductor  magnus  (obturator  and 
great  sciatic)  causes  a  similar  adduction,  but  while  its  upper  fibres  rotate  out- 
wards, its  lower  fibres  rotate  in,  and  are  employed  in  keeping  the  foot  straight 
during  adduction  in  riding.  This  is  very  difficult,  if  these  fibres  are  paralysed. 
The  foot  then  turns  out  when  the  hip  is  flexed,  either  in  the  recumbent  posture, 
or  in  walking,  from  the  preponderance  of  rotation  out  by  the  other  adductors. 
When  all  the  adductors  are  paralysed,  not  only  is  adduction  lost,  but  in  flexion 
of  the  hip  the  foot  is  moved  forwards  and  outwards,  instead  of  directly  for- 
wards, showing  that  there  is  normally  a  synergic  action  of  the  abductors  and 
adductors  with  the  flexors  in  this  movement. 

Muscles  moting  the  Kn:e-e.— Extensors  of  the  Knee  :  Rectus  and  Vasti 
(anterior  crural  nerve).— The  vasti  act  solely  on  the  knee-joint ;  the  rectus  also 
aids  in  flexing  the  hip,  but  chiefly  when  the  knee  is  bent.  In  consequence 
of  its  passage  over  the  hip-joint,  moreover,  the  force  with  which  it  extends  the 
knee  is  increased  by  the  simultaneous  extension  of  the  hip.  This  effect  is  useful 
in  the  propulsion  forwards  of  the  body  in  walking. 

In  paralysis  of  the  extensors  of  the  knee,  standing  is  still  possible  if  the  knee 
18  extended,  since  the  arrangement  of  the  articulation  renders  a  contraction  of 
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the  extensora  unnecessary.  But  secondaiy  shortening  of  the  flexore  is  apt  to 
occur,  and  then  standing  becomes  impossible  because  the  knee  cannot  be  perfectly 
extended.  In  the  same  way,  walking  is  possible  if  the  leg  is  not  moved  forward 
beyond  the  vertical  position  ;  if  it  is,  the  knee  becomes  flexed  by  the  weight  of 
the  leg  and  foot,  and  the  patient  falls  when  he  attempts  to  rest  upon  it. 
Rising  from  the  kneeling  posture  in  the  ordinary  way  is  impossible.  In  partial 
paralysis  of  the  muscles,  as  in  pseudo-hypertrophic  paralysis  (q.  v.),  the  exten- 
sion of  the  knee,  in  rising,  is  facilitated  by  placing  the  hand  upon  it,  and  so 
hringing  the  centre  of  gravity  of  the  body  near  the  fulcrum  of  the  lever  formed 
by  the  femur.  If  the  vastus  internus  and  rectus  are  paralysed,  the  vastus 
externus  may  dislocate  the  patella  by  the  obliquity  of  its  traction.  The  vastus 
internus  never  does  so  in  the  opposite  condition  because  its  action  is  less  oblique. 

Flexors  of  the  Knee. — The  Sartorius  (ant.  crural  nerve)  flexes  the  hip  and 
knee-joints,  and  has  a  feeble  power  of  rotating  the  thigh  outwards  and  the  knee 
inwards.    It  is  a  muscle  of  small  importance. 

The  Gracilis  (obturator  nerve)  adducts  the  thigh  more  powerfully  than  it 
flexes  the  knee.    It  rotates  the  leg  inwards. 

The  Semitendinosus,  Biceps,  and  Semimembranosus  (great  sciatic  nerve) 
are  not  only  flexoi-s  of  the  knee  but  extensors  of  the  hip- joint,  and  are  the 
muscles  that  extend  the  hip  during  ordinary  walking,  the  gluteus  maximus 
(q.  V.)  being  called  into  action  only  during  special  efforts.  Th^  leg  is  rotated 
inwards  by  the  semitendinosus,  outwards  by  the  biceps. 

In  paralysis  of  the  flexors  the  resulting  loss  of  the  power  of  flexion  interferes 
with  walking,  since  the  knee-joint  cannot  be  bent,  in  the  forward  movement  of 
the  leg,  until  the  thigh  is  flexed  sufficiently  to  permit  the  weight  of  the  foot  to 
flex  the  knee.  To  prevent  the  toes  striking  the  ground  the  foot  is  unduly  flexed 
on  the  leg.  The  loss  of  the  support  that  the  flexor  tendons  give  to  the  knee- 
joint  leads  to  an  undue  strain  on  the  ligaments,  which  become  stretched,  and 
slight  retroflexion  of  the  joint  may  occur. 

In  paralysis  of  the  muscles  that  extend  the  hip  there  is  a  tendency  to  fall 
forwards  in  walking.  To  counteract  this  the  trunk  is  carried  backwards,  and  a 
fatiguing  strain  on  the  flexors  of  the  hip  results. 

In  paralysis  of  the  biceps,  the  leg,  during  flexion,  is  rotated  inwards  ;  when  the 
biceps  remains  and  the  other  muscles  are  paralysed,  there  is  an  undue  rotation  out- 
wards. The  effect  of  these  abnormal  movements  on  the  ligaments  of  the  joint  is 
such  that,  after  a  time,  the  amount  of  rotation  becomes  greater  than  is  possible  in 
health. 

The  Popliteus  (internal  popliteal  nerve)  has  but  a  feeble  power  of  flexing  the 
knee.  Its  chief  action  is  to  rotate  the  leg  inwards  when  the  knee-joint  has  been 
flexed. 

Muscles  moving  the  Foot. — Extensors  of  foot  on  leg.*  The  Gastrocnemius 
and  Soleus  (internal  popliteal  nerve,  from  the  sciatic)  have  the  same  action. 
They  extend  the  hinder  part  of  the  foot  and  draw  down  the  outer  side  of  the 
fore  part  of  the  foot,  but  very  little  the  inner  side.  Hence  the  foot  is  rotated, 
so  that  the  dorsum  looks  outwards,  while  the  whole  foot  is  turned  inwards  on 
the  axis  of  the  leg.  The  peculiar  inversion  and  adduction  that  thus  accompanies 
extension  is  due  to  the  form  of  the  articular  surfaces.  The  gastrocnemius  has 
very  little  power  of  flexing  the  knee,  but  the  extension  of  the  knee  increases  the 

*  These  muscles  have  lately  been  termed  "plantar  flexors,"  because  they  are 
homologous  with  the  flexors  of  the  wrist.  The  term  is  a  bad  one,  since  it  involves  a 
use  of  the  word  "  flexor  "  in  absolute  contradiction  to  its  proper  signification. 
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effect  of  the  muscle  on  the  ankle-joint,  especially  in  walking,  just  as  we  have 
seen  that  the  extension  of  the  hip  augments  the  force  with  which  the  contracting 
rectus  extends  the  knee.  For  direct  extension  of  the  ankle,  the  peroneus  concurs 
and  opposes  the  inversion.  The  only  difference  hetween  the  gastrocnemius  and 
soleus  is  that  the  latter,  having  no  attachment  to  the  femur,  can  extend  the 
ankle  when  the  knee  is  flexed  as  well  as  when  it  is  extended.  In  paralysis  of 
these  muscles  extension  of  the  ankle  (hy  the  peroneus  longus  and  flexor  longus 
digitorum)  is  extremely  feeble,  and  the  foot  can  scarcely  be  carried  beyond  a 
right  angle.  Walking  is  greatly  interfered  with;  standing  on  tiptoe  is  im- 
possible. The  unopposed  peroneus  longus  causes  eversion  of  the  foot,  lowers  the 
head  of  the  first  metatarsal  bone,  and  deepens  the  plantar  arch.  In  time  the 
ankle-joint  becomes  over-flexed ;  the  heel  considerably  lowered  and  the  plantar 
muscles  and  fascia  become  shortened.  The  resulting  deformity  is  termed  talipes 
calcaneus  (Fig.  23). 


Fl&.  23. — Talipes  calcaneus  from  atrophic  paralysis  of  the  calf  muscles,  with 
flexion  of  the  middle  and  distal  phalanges  of  the  toes  from  paralysis  of 
the  interossei. 


Peroneus  longus  (musculo-cutaneous  nerve,  from  external  popliteal  of  sciatic) 
everts  the  foot,  lowering  the  inner  border,  narrowing  the  foot,  and  increasing 
the  plantar  arch.  It  also  turns  the  whole  foot  out  on  the  axis  of  the  leg.  It 
has  a  very  feeble  power  of  extending  the  ankle.  It  keeps  down  the  inner  part 
of  the  foot  during  extension  by  the  calf  muscles,  as  in  walking.  In  paralysis 
of  this  muscle  the  inner  part  of  the  front  foot  is  not  supported  during  extension, 
and  yields  to  slight  force.  The  foot  becomes  adducted  and  rotated,  so  that  the 
sole  is  directed  inwards,  in  consequence  of  the  unopposed  action  of  the  sural 
muscles.  The  inability  to  press  the  inner  part  of  the  ball  of  the  foot  firmly 
against  the  ground  leads  to  over-action  of  the  flexors  of  the  great  toe.  The 
plantar  arch  is  lessened  ;  there  is  "  flat-foot." 

Flexors  of  the  Foot— The  Tibialis  antieus  (anterior  tibial  branch  of  ext. 
popliteal  nerve)  produces  simultaneously  three  movements :  it  elevates  the  inner 
part  of  the  front-foot  (opposing  the  peroneus  longus) ;  it  flexes  the  ankle-joint, 
and  adducts  the  foot.  The  Extensor  longus  digitorum  (ant.  tibial  nerve),  besides 
extending  the  toes,  flexes  and  abducts  the  foot.  The  abduction  is  in  consequence 
of  the  outward  position  of  its  tendons  beneath  the  annular  ligament.  These 
two  muscles  together  produce  direct  flexion  of  the  foot,  or  flexion  with  adduction 
or  abduction,  as  the  force  of  one  or  the  other  preponderates.  Paralysis  of  either 
weakens  flexion,  and  the  corresponding  lateral  movement  is  lost,  flexion  being 
accompanied  by  the  deviation  effected  by  the  muscle  that  remains.  The  defect 
in  flexion  is  greatest  in  paralysis  of  the  tibialis,  and  the  loss  of  the  instinctive 
flexion,  when  the  leg  is  brought  forward  in  walking,  causes  the  foot  to  catch 
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against  the  ground.  Paralysis  of  the  flexors  is  followed  by  secondary  contrac- 
ture of  the  extensors,  and  talipes  equinus  results  (Fig.  24),  which  is  the  greater 


Fl<J.  24. — Talipes  equinus,  due  to  atrophy  of  the  tibialis  anticus  and 
secondary  contracture  of  the  calf  muscles.  In  A  the  foot  is  shown  at 
rest ;  there  is  slight  equino-varus.  In  b  it  is  shown  during  flexion, 
and  the  varus  is  changed  to  valgus  by  the  action  of  the  peroneus 
longus.  Note  the  increased  extension  of  the  toes  in  B  from  the  com- 
pensatory over-action  of  the  long  extensors  of  the  toes.  (After 
Duchenne.) 

the  longer  the  palsy  has  lasted  (Fig.  25).  Its  occun-ence 
is  facilitated,  in  many  cases  of  palsy,  by  lessened  growth  of 
the  bones  of  the  leg,  so  that  the  ball  of  the  foot  only  touches 
the  ground  when  the  foot  is  extended.  There  is  usually 
slight  rotation  inwards  of  the  foot  at  rest,  even  when  the 
tibialis  is  paralysed  (see  Fig.  24,  a),  because  such  rotation 
is  produced  by  the  sural  extensors  (p.  34),  but  in  this  case 
the  slight  valgus  at  rest  is  changed  to  varus  on  an 
attempt  to  flex  the  ankle  (Fig.  24,  b). 

The  Peroneus  brevis  (musculo-cutaneous  branch  of 
ext.  popliteal  nerve)  abducts  the  foot  and  rotates  it, 
raising  the  outer  edge. 

The  Tibialis  posticus  (posterior  tibial  nerve  from  int. 
pop.)  adducts  the  foot  and  curves  it,  rendering  the  outer 
border  and  instep  more  convex.  Its  power  of  adduction 
is  greater  than  that  of  the  tibialis  anticus,  and  it  does 
not  rotate  the  foot  in  the  same  manner. 

These  two  muscles  alone  have  the  power  of  adducting 
and  abducting  without  flexing  or  extending  ;  and  in  their 
paralysis  these  simple  movements  are  lost.  If  one  only  is 
paralysed,  a  deformity  developes  corresponding  to  the 
action  of  the  other  muscle, — talipes  valgus  in' paralysis 
of  the  tibialis  posticus  ;  t.  varus  in  that  of  the  peroneus  brevis. 

The  muscles  moving  the  toes  present,  in  their  mode  of  action,  a  close  corre- 
spondence to  those  of  the  fingers. 

The  Extensor  longus  digitorum  and  the  Extensor  longus  pollicis  (anterior 
tibial  nerve)  extend  chiefly  the  first  phalanges,  while  the  Flexor  longus  digitorum 
and  Flexor  brevis  (posterior  tibial  nerve)  flex  the  last  two  phalanges.  The 


Fia.  25. — Extremetali- 
pes  equinus  from 
old-standing  palsy  of 

•  the  tibialis  anticus 
(infantile  paralysis) 
and  extreme  contrac- 
tion of  the  calf  mus- 
cles. No  flexor  move- 
ment was  possible. 
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Lumbricales  and  the  Inter ossei  (post,  tibial  nerve  by  ext.  and  int.  plantar), 
together  with  the  Abductor  and  Flexor  hrevis  minimi  digiti,  oppose  both  the 
other  extensor  and  flexor  muscles,  flexing  the  first  phalanx  and  extending  the 
others.  This  action  is  o£  great  importance  in  walking,  since  they  give  the  last 
propulsion  to  the  body  as  the  ball  o£  the  foot 
leaves  the  ground.  The  Abductor,  Adductor, 
and  Flexor  brevis  polUcis  (plantar  nerves  from 
post,  "tibial),  have  a  similar  action  on  the  great 
toe,  but  with  adduction  or  abduction  respec- 
tively. The  interossei  also  produce  a  lateral 
movement  of  the  toes,  but  this  action  is  of 
little  practical  importance.  In  paralysis  of  the 
common  extensor  of  the  toes,  and  of  the  proper 
extensor  of  the  great  toe,  the  tonic  force  of 
the  interossei  and  analogous  muscles  produces 
pei-sistent  flexion  of  the  first  phalanges  and 
extension  of  the  others.  If  the  conditions  are 
reversed,  and  the  latter  muscles  are  paralysed, 
the  first  phalanges  are  over-extended,  some- 
times even  subluxated,  and  the  two  other 
joints  are  flexed,  so  that  a  claw-like  form  of 
foot  is  the  result  (Figs.  26  and  23).  The  final 
propulsion  in  walking,  above  described,  is  much 
interfered  with,  and  the  attempt  is  painful 
because  the  ends  of  the  toes  are  turned  towards 
the  ground. 


FiGt.  26. — Paralysis  of  the  inter- 
ossei and  the  adductor  and 
short  flexor  of  the  great  toe. 
The  first  phalanges  are  over- 
extended and  the  second  are 
flexed,  while  the  hollow  of 
the  sole  is  increased.  (After 
Duchenne.) 


PAET  II. 


DISEASES  OF  THE  NERVES. 


GENERAL  PATHOLOaY. 


Strtjctube. — The  individual  fibres  consist  of  a  central  "axis- 
cylinder,"  which  is  the  chief  functional  eleoient,  surrounded  by  the 
"  medullary  sheath,"  or  "  white  substance  of 
Schwann,"  composed  of  myelin  (M,  Fig.  27).  The 
latter  is  absent  in  the  "  non-medullated "  fibres  of 
the  sympathetic.  A  delicate  membrane  surrounds 
the  white  substance,  called  the  "  primitive  sheath," 
or  the  "  sheath  of  Schwann  "  (S).  Nuclei  (n)  lie  at 
intervals  within  the  sheath,  between  it  and  the 
myelin.  The  white  substance  is  interrupted  at 
regular  distances  by  what  are  termed  "  nodes,"  some- 
times, from  their  discoverer,  "nodes  of  Eanvier"  (N). 
The  end  of  each  portion,  or  "  internode,"  is  enclosed 
by  the  sheath,  through  which  the  axis-cylinder 
passes.  Between  the  incurved  extremities  of  the 
sheath  is  a  little  clear  cementing  substance,  shown 
by  the  fine  dotting  in  the  figure.  There  is  one 
nucleus  (n)  to  each  internode,  about  its  middle. 
Around  the  nucleus  is  a  little  protoplasm,  and  it 
is  probable  that  a  very  thin  layer  of  protoplasm 
everywhere  lies  between  the  sheath  and  the  myelin. 
Each  internode  may  be  conceived  as  a  cell,  a  fat- 
cell,  according  to  Eanvier,  consisting  of  membrane, 
nucleus,  protoplasm  and  fatty  matter,  the  cells  being 
arranged  end  to  end,  and  the  axis-cylinder  pass- 
ing through  them,  as  a  string  passes  through  a 
series  of  tubular  heads.  The  internodes  are  shorter 
towards  the  termination  of  a  nerve.  It  is  important 
not  to  confound  the  nodes  with  other,  imperfect, 
divisions,  sometimes  termed  the  "incisions  of 
Schmidt  "  (IS,  Fig.  27).  These  are  oblique,  incom- 
plete divisions  of  the  white  substance.  Many  exist 
in  each  node.  They  are  believed  by  some  histolo- 
gists  to  be  of  artificial  origin,  but  their  uniform  character  seems  con- 
clusive evidence  that  they  depend  on  structural  conditions. 


Fig.  27. — Diagram 
of  the  structure 
of  nerve-fibres.  I 
and  II,  mednl- 
lated,  ill,  non- 
medullated  fibre  ; 
S,  sheath ;  M, 
myelin,  or  white 
substance  of 
Schwann;  Ac, axis 
cylinder ;  n,  nu- 
cleus ;  N,  node ; 
IS,  incision  of 
Schmidt.  (From 
a  preparation  of 
the  nerve-fibre  of 
a  frog,  stained  with 
osmic  acid.) 
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The  myelin,  Eanvier  suggests,  must  protect  the  axis-cylinder,  since 
its  almost  liquid  consistence  will  diffuse  pressure  on  the  nerve.  It 
may  also  have  an  insulating  action,  which,  while  not  essential  for 
conduction,  may  render  conduction  more  perfect.  The  nodal  segmen- 
tation  keeps  the  almost  liquid  myelin  uniformly  distributed  along  the 
fibre,  and  permits  nutrient  material  to  reach  the  axis-cylinder. 

The  "grey  fibres,"  "  non-meduUated  fibres,"  consist  of  an  axis- 
cylinder,  sheath,  and  nuclei  (Fig.  27  III) ,  but  contain  no  myelin.  They 
constitute  the  sympathetic  nerves,  but  some  (probably  sympathetic 
fibres)  are  found  in  all  the  spinal  nerves.  They  are  absent  from  the 
nerves  of  special  sense,  except  the  olfactory,  which  contains  no  other 
fibres. 

The  axis-cylinder  of  most  nerve-fibres,  probably  of  all,  is  continuous 
in  one  direction  with  the  process  of  a  nerve-cell,  and  may  be  regarded 
as  the  prolonged  process  of  the  cell,  sharing  all  the  changes  of  nutrition 
that  the  cell  undergoes.  It  has  been  supposed  that  there  are  other 
centres  for  the  nutrition  of  nerve-fibres  than  the  cells  from  which  they 
spring,  but  this  theory,  which  rests  on  no  direct  evidence,  is  unneeded 
to  explain  the  phenomena  of  disease. 

The  nerve-fibres  are  united  into  "fasciculi"  by  delicate  nucleated 
connective  tissue,  and  these  fasciculi  are  similarly  connected  into  larger 
bundles,  while  the  whole  nerve  is  surrounded  by  a  dense,  connective- 
tissue  sheath.  All  these  tracts  of  connective  tissue  are  continuous. 
In  them  the  blood-vessels  run,  and  nerve-fibres  are  distributed.  These 
nervi  nervorum  are  derived  from  the  nerve  they  supply.* 

Lesions  of  Nerves. — Secondary  degeneration. — As  we  have  seen,  a 
nerve-fibre  undergoes  the  structural  changes  known  as  "  degeneration  " 
whenever  it  is  separated  from  the  cell  with  which  it  is  connected.  As 
a  rule,  the  degeneration  is  in  the  direction  of  conduction,  i.  e.  the  cell 
from  which  the  nei've-fibre  conducts  is  that  which  governs  its  nutrition. 
An  exception  is  presented  by  the  sensory  fibres  in  the  peripheral  nerves, 
which  conduct  upwards,  but  degenerate  downwards  when  separated 
from  the  ganglia  on  their  roots.  The  degeneration  is  commonly 
termed  "  secondary  "  because  it  is  dependent  on  a  primary  lesion  of 
another  kind — as  division  of  the  nerve.  Degeneration  also  follows 
many  slighter  lesions  of  a  nerve,  compression,  over-extension,  and  the 
like,  but  it  is  not  certain  that  this  is  always  the  same  as  that  which 
follows  a  total  lesion.  The  secondary  degeneration  is  often  called 
"  Wallerian,"  from  the  name  of  the  pathologist  who  first  studied  it. 
It  is  of  great  importance,  practical  and  theoretical.  The  medullary 
sheath  breaks  up  into  segments,  and  these  into  smaller  and  smaller 
fragments,  and  the  minute  globules  and  granules  are  ultimately 
removed  from  the  nerve-sheath.  This  is  then  empty,  the  axis-cylinder 
having  also  perished  during  the  process.  The  nature  of  this  process  of 
destruction  has  been  studied  by  Erb  and  others,  but  has  been  chiefly 
*  Horsley, '  Roy.  Med.  and  Chir.  Soc.,'  January  22,  1885. 
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elucidated  by  the  researclies  of  Eanvier,  and  must  be  considered  in  some 
detail.  Eanvier  has  shown  that  it  is  not  a  mere  process  of  death  or 
decay,  but  an  active  process,  a  destruction  of  the  nerve  as  such  by  the 
protoplasm  and  nuclei  of  the  internodal  cells  that  constitute  it. 

The  nature  of  the  process  has  been  chiefly  studied  in  animals.  The 
most  important  facts  are  illustrated  in  Pig.  28,  in  which  the  examples 

have  been  selected  from  Ean- 
vier's  figures  and  reduced 
to  one  tint.  In  the  rabbit 
the  first  changes  are  to  be 
perceived  at  the  end  of  twenty- 
four  hours.  The  nuclei  are 
increased  in  size  (Figs.  A  n, 
B  n),  the  amount  of  proto- 
plasm about  them  is  greater 
than  normal  and  it  is  granular, 
and  there  is  in  places  a  local 
increase  in  the  amount  of  pro- 
toplasm within  the  sheath, 
compressing  the  myelin  (A  x, 
B  a;,  Q  x).  The  nuclei  then 
become  detached  from  the 
sheath ;  the  protoplasm  every- 
where increases,  and  en- 
croaches on  the  myelin,  until 
here  and  there  it  meets  across 
the  tube,  completely  separat- 
ing the  myelin  (A,  lower  part ; 
B,  upper  part)  and  with  the 
myelin  the  axis-cylinder  (D). 
This  process  then  goes  on  with 
increased  rapidity  ;  the  mye- 
lin is  broken  up  into  smaller 
and  smaller  fragments  (C,  E, 
F)  which  ai-e  globular  in  the 
watery  protoplasm,  just  as 
oil  forms  globules  in  water. 
The  nuclei  meanwhile  con- 
tinue to  enlarge,  and  then 
divide,  first  the  nucleolus  and 
then  the  whole  nucleus  (F). 
The  two  nuclei  may  again 
divide,  until  (as  in  Gr)  there  are 
four  or  more  nuclei  in  each  in- 
temode,  instead  of  one  only  as 


Fig-. 


-A-J.  Degeneration  of  nerve-fibres 
(osmic  acid  and  carmine  staining).  A,  from 
sciatic  of  rabbit  four  days  after  section ;  B,  C, 
same,  fiftj'  hours  after  section ;  D,  a  fibre 
stained  with  carmine  only,  to  show  the  axis- 
cylinder  ;  P,  G,  fibres  from  pigeon,three  days 
after  section  ;  H,  two  fibres  from  pneumogas- 
tric  of  rabbit  six  days  after  section ;  J,  a  lym- 
phatic cell  from  inter-fibrillar  connective  tis- 
sue, containing  globules  of  myelin  that  it  has 
taken  up  ;  n,  n,  nuclei ;  x,  x,  constrictions  of 
the  myelin  produced  by  the  growth  of  the  pro- 
toplasm j  ac,  axis-cylinder.  K,  L, regeneration 
of  nerve-fibres  :  K,  from  pneumogastric  of 
rabbit,  seventy-two  days  after  section  j  L,  f  rom 
sciatic  of  rabbit  ninety  days  after  section  ;  e, 
rounded  end  of  white  substance  of  central  end 
of  nerve;  s,  sheath  ;  na,  new  axis-cylinder; 
in  L  are  two  globules  of  myelin  remaining 
from  the  degeneration  of  the  old  fibre. 


in  health.  The  small  globules  of  fatty  myelin  seem  to  become  changed 
in  chemical  composition,  since  they  are  stained  less  deeply  by  osmic 
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acid.  Eanvier  suggests  that  their  fatty  matter  may  undergo  a  process 
of  saponification.  Ultimately  they  seem  to  pass  through  the  sheath,  are 
taken  up  by  connective-tissue  cells  and  lymphatic  cells  in  the  vicinity 
(as  in  J),  and  are  gradually,  for  the  most  part,  removed.  By  the  time 
the  myelin  is  in  small  globules  the  nuclei  cease  to  multiply.  On  the 
removal  of  the  products  of  degeneration  the  sheath  shrinks,  and  looks 
empty  in  places,  but  here  and  there  it  is  enlarged  by  the  nuclei,  proto- 
plasm, and  a  few  remaining  myelin  globules  (H).  Hence  in  transverse 
section  many  small  sheaths  are  seen  with  a  few  of  larger  size  where 
they  have  been  cut  across  Rt  these  swellings. 

In  the  rabbit  the  first  changes  are  visible  at  the  end  of  twenty-four 
hours ;  the  first  complete  interruption  of  the  myelin  and  axis-cylinder 
occurs  about  the  end  of  the  second  day  ;  the  process  of  destruction  is 
considerably  advanced  at  the  end  of  the  fourth  day,  and  is  finished, 
and  the  multiplication  of  the  nuclei  ceases,  towards  the  end  of  the 
second  week.  The  changes  begin  simultaneously  in  the  whole  extent 
of  the  separated  portion  of  the  nerve.  They  progress  more  rapidly  at 
its  peripheral  extremity  than  elsewhere.  At  the  end  of  the  second  day, 
in  the  rabbit,  stimulation  of  the  nerve  by  electricity  no  longer  causes 
muscular  contraction.  Thus  the  disappearance  of  the  electrical  excita- 
bility coincides  in  time  with  the  first  complete  segmentation  of  the 
myelin  and  axis- cylinder.  This  interruption  explains  what  is  termed 
the  "  loss  of  excitability  ;"  it  does  not  follow  that  the  fragments  of  axis- 
cylinder  cannot  be  stimulated ;  their  stimulation  can  have  no  effect. 
When  they  cease  to  be  excitable  we  cannot  tell.  But  it  is  not  certain 
that  "loss  of  excitability "  is  only  the  result  of  loss  of  continuity. 
(See  p.  42.) 

Thus  the  process  is  the  result  of  an  active  growth  of  the  nuclei  and 
protoplasm  of  the  nerve,  i.  e.  of  the  cellular  elements  of  which  the 
nerve  is  composed.  Why  should  this  occur  ?  The  determining  cause 
is  the  interruption  of  the  axis-cylinder — its  separation  from  the  cell  of 
which  it  is  a  process.  It  follows  equally  destruction  of  the  nerve-cell. 
Eanvier  points  out  that  the  destructive  exuberance  of  the  protoplasm, 
which  follows  loss  of  function  in  the  axis-cylinder,  suggests  that 
noi-mally  this  function  restrains  the  vital  energy  of  the  cell-elements. 
But  it  is  possible  that  changes  in  the  nutrition  of  the  axis-cylinder 
precede  the  segmentation. 

A  process  of  destructive  cell-activity  suggests  the  idea  of  inflam- 
mation. The  degeneration  may  be  regarded  as  a  process  of  parenchy- 
matous inflammation.  Several  observers  have  described  other  indica- 
tions of  inflammation  outside  the  fibres,  especially  increase  of  nuclei, 
and  accumulation  of  leucocytes  in  the  interstitial  connective  tissue,  and 
even  in  the  nerve- sheath,  and  also  dilatation  of  the  blood-vessels.  Such 
changes  are  intense  at  the  primary  lesion.  Their  degree  in  the  nerve 
below  the  lesion  is  very  variable,  and  seems  to  be  influenced,  in  some 
degree,  by  the  irritative  nature  of  the  primary  disease. 

The  process  of  secondary  degeneration  occurs  more  slowly  in  the 
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rabbit  than  in  tbe  bird,  aud  seems  to  be  still  slower  in  man,  in  whom 
It  IS  probable  that  complete  segmentation  does  not  occur  until  between 
the  fourth  and  eighth  days.    It  is  certain  that  an  identical  process 

does  occur  in  man.    This  is  placed  beyond 
doubt  by  the  researches  of  Pitres  and 
Vaillard  on  the  changes  in  peripheral  nerves 
in    the  neighbourhood  of  bedsores,  &c. 
These  are  shown  in  Fig.  29,  a  comparison 
of  which  with  Fig.  28  will  show  the  identity 
of  the  process.    It  is  highly  probable  that 
after  complete  division  of  a  nerve  in  man 
the  changes  are  the  same  as  in  animals. 
But  the  most  common  lesion  in  man  i§ 
neuritis,  and  in  this  the  process  of  degenera- 
tion is  probably  greatly  modified  by  the 
severity  of  the  primary  lesion;   in  some 
cases  it   occurs   rapidly,  in   others  very 
slowly.  In  the  latter  cases,  which  are  chiefly 
those  of  focal  neuritis,  the  process  cannot 
be  the  same  as  that  which  follows  division 
of  a  nerve.  The  change  in  irritabiHty,  which 
will  be  more  fully  described  in  the  account 
of  the  symptoms,  is  a  slow  depression, 
sometimes  moderate  in  degree.    The  de- 
pression may  be  preceded  by  an  increase  in 
irritability.     In  such  cases,  there  can  be  no 
complete  segmentation  of  the  nerve-fibres. 
There  must  be  a  gradual  alteration  in  the 
molecular  nutrition   of  the  axis-cylinder, 
changing  its  excitability.    Even  in  severe 
cases  there  is  not  usually  a  sudden  loss  of 
irritability  ;  the  current  necessary  for  stimu- 
lation has  to  be  made  stronger  and  stronger, 
until  at  last  the   strongest  current  the 
patient  can  bear  fails  to  cause  muscular 
contraction.    But  we  cannot  infer  from  this 
that  there  is  ever  an  actual  interruption  of 
the  axis-cylinder.    A  stronger  current  might 
still  excite  the  nerve.   Moreover,  as  we  shall 
presently  see,  when  a  nerve  is  being  regene- 
rated, an  axis-cylinder  may  be  continuous, 
and  may  even  conduct,  and  still  not  be 
excitable. 

All  severe  changes  in  the  nutrition  of  the 
fibres  involve  the  intra-muscular  nerve-end- 
The  evidence  of  this  is  that  the  faradaic 
irritability  of  the  muscles  (which  depends  on  the  nerves  within  them). 


Fig.  29. — Degenerating  fibres 
from  cutaneous  nerves  of 
man.  (After  Pitres  and  Vail- 
Inrd.)  A,  from  near  a  bed- 
sore in  a  case  of  fracture  of 
the  skull ;  B,  C,  D,  from 
the  fifth  nerve  in  a  case  of 
neuralgia  and  ulceration  of 
the  lip  ;  n,  n,  nuclei ;  in  A 
the  protoplasm  and  nuclei 
are  increased,  myelin  is  be- 
ing bi'oken  up,  the  processes 
having  proceeded  furthest  in 
the  neighbourhood  of  the 
nucleus  in  the  middle  of  the 
fibre  ;  in  B  the  segmentation 
has  gone  on  to  the  formation 
of  globules,  which  in  C  are, 
for  the  most  part,  small, 
and  many  have  been  re- 
moved, so  that  the  fibre  is 
narrow  ;  while  in  D  all  the 
products  of  degeneration 
have  been  removed  from 
considerable  tracts  of  the 
sheath. 

ings  in  the  same  degree. 
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presents  changes  quite  similar  to  that  of  the  nerve-trunk.  But  this  is 
not  always  true  in  slight  changes  of  nutrition  of  the  nerve.  We  shall 
presently  see  that  the  slight  alterations  of  irritability  in  the  nerve  and 
muscle  do  not  always  correspond.  The  nerves  terminate  in  structures 
of  special  nature,  and  these  may  well  have  some  slight  degree  of 
nutritional  independence. 

Begeneration  may  occur  in  the  nerve  after  the  degeneration  is  over. 
It  is  a  slow  process,  occupying  the  second,  third,  and  fourth  month 
after  division.    According  to  Eanvier,  it  occurs  always  by  the  growth 
of  new  axis-cylinders  from  the  central  end  of  the  nerve  (see  Fig.  28, 
K  and  L)  which  ultimately  become  covered  with  myelin.    One  or  more 
new  fibres  may  spring  from  each  central  fibre,  and  these  may  subdivide. 
All  are  enclosed  in  a  sheath  which  is  continuous  with  that  of  the 
central  end  (Fig.  28,  K,  s.).    It  is  to  be  presumed  that  only  some  of 
these  axis-cylinders  persist  and  achieve  functional  permanence.  Some- 
times these  fibres  twist  about,  and  even  turn  back  and  grow  upwards, 
probably  in  the  direction  of  least  resistance.    In  animals,  new  fibres 
may  grow  through  a  considerable  extent  of  cicatricial  tissue  between 
the  divided  ends  of  a  nerve,  but  in  man  it  is  doubtful  whether  regene- 
ration of  a  divided  nerve  occurs  unless  the  extremities  are  brought  in 
contact,  or  at  least  close  proximity.    Some  investigators  believe  that 
there  is  a  formation  of  fibres  in  the  peripheral  extremity,  as  well  as  a 
growth  of  new  fibres  from  the  central  end.    It  is  highly  probable  that 
the  process,  in  the  peripheral  part  of  a  nerve,  is  influenced  by  the  con- 
nection with  other  nerves  and  the  recurrent  course  of  anastomosing 
fibres ;  because,  in  man,  the  suture  of  a  nerve  divided  some  time  before, 
in  the  peripheral  part  of  its  course,  has  been  followed  by  very  rapid 
restoration  of  function.    In  cases  of  injury  which  does  not  involve  an 
actual  interruption  of  the  nerve-fibres,  regeneration  occurs  more  readily, 
and  very  readily  in  slight  lesions,  in  which  it  is  probable,  as  we  have 
just  seen,  that  degeneration  has  been  incomplete,  and  the  continuity 
of  the  axis-cylinder  has  not  been  broken.    The  regenerated  nerve-fibres 
regain  some  conducting  power  while  they  are  still  much  narrower  than 
normal,  and  before  they  can  be  excited  by  electricity. 

Muscles. — The  degeneration  of  the  motor  nerves  is  attended  by 
changes  in  the  nutrition  of  the  muscles.  These  commence  in  or  after 
the  second  week.  The  muscular  fibres  become  narrower,  and  may  be 
reduced,  ultimately,  to  one-third  of  their  former  width.  The  transverse 
striation  becomes  less  distinct,  and  the  striae  seem  to  be  nearer  together 
than  in  health.  The  fibres  may  become  slightly  granular,  but  do  not, 
as  a  rule,  present  actual  fatty  degeneration.  If  no  regeneration  of  the 
nerve  takes  place,  the  transverse  striation  gradually  disappears,  and 
may  be  replaced  by  a  longitudinal  striation,  or  the  fibres  may  undergo 
certain  chemical  changes,  in  consequence  of  which  they  present  a 
peculiar  glassy  appearance,  which  has  been  called  "  vitreous  degene- 
ration." During  the  progress  of  the  changes  in  the  fibres,  the  nuclei  of 
the  sarcolemma  and  of  the  interstitial  tissue  are  increased  in  number, 
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and  cellular  elements,  either  newly  formed,  or  migrated  from  the 
vessels,  develop  into  fibres,  so  that  ultimately  the  muscular  fibres  are 
separated  by  considerable  tracts  of  connective  tissue,  and  a  state  of 
cirrhosis  results.  If  regeneration  of  the  nerve  occurs,  the  muscular 
changes  are  arrested,  and  the  normal  condition  of  the  fibres  is  slowly 
restored.  The  amount  of  connective  tissue  in  the  muscle  is  often 
permanently  increased,  but  the  size  of  the  fibres  is  reduced  out  of 
proportion  to  the  increase  in  the  connective  tissue,  so  that  the  muscle 
is  for  a  long  time  smaller  than  normal,  and  its  natural  bulk  may  never 
be  regained.  If  no  regeneration  of  the  nerve  occurs,  the  increased 
fibrous  tissue  takes  the  place  of  the  lost  muscular  tissue,  and  slowly 
contracts,  so  that  permanent  shortening  may  result.  Similar  shorten- 
ing sometimes  occurs  when  there  is  partial  recovery  of  the  nerve 
and  muscle.  In  most  lesions  of  nerves,  other  than  actual  division, 
some  fibres  recover,  even  though  others  are  permanently  destroyed. 
The  muscular  degeneration  is  apparently  the  result  of  that  of  the 
motor  nerves.  All  the  phenomena  can  be  thus  accounted  for.  (See 
p.  21.) 

Symptoms  of  Nbeve-injuet  and  Degeneration. — The  symptoms 
that  attend  the  lesions  of  motor  nerves  and  the  consequent  degene- 
ration are  of  great  importance.  The  lesion  of  the  nerve  causes 
paralysis  of  the  muscles  supplied  by  it,  due  to,  and  in  propor- 
tion to,  the  interference  with  the  conducting  power  of  i-he  nerve. 
The  muscles  at  once  become  flabby  from  loss  of  tone,  and  to  this 
atony  actual  wasting  is  added  in  the  course  of  a  few  weeks.  The 
wasting  is  due  to  the  reduction  in  size  of  the  muscular  fibres.  If  the 
sensory  nerve-fibres  are  not  interrupted,  the  muscles  become  tender  to 
the  touch,  and  pain  is  caused  by  their  strong  contraction,  due  probably 
to  the  interstitial  inflammation,  and  the  morbid  sensitiveness  of  the 
sensory  nerves  that  end  in  the  interstitial  tissue. 

The  most  important  symptoms  are  those  that  are  afforded  by  elec- 
trical examination  of  the  muscles  and  nerves,  since  they  enable  the 
degenerative  changes  to  be  ascertained  and  followed  during  life.  The 
alterations  in  the  electrical  reaction,  consequent  on  this  degeneration, 
have  been  already  briefly  mentioned  (p.  19),  but  must  now  be  described 
in  greater  detail.  The  rapid  degeneration  of  a  nerve,  which  follows  a 
severe  lesion,  is  attended  by  a  loss  of  irritability  on  electrical  stimu- 
lation, the  loss  being  the  same  to  faradaism  and  voltaism.  After  such 
lesions  as  are  common  in  man,  neuritis  for  instance,  there  is  no  sudden 
loss,  such  as  occurs  after  injury  of  a  nerve  in  an  animal,  when  the 
nerve  becomes  segmented,  but  there  is  a  more  or  less  rapid  diminution 
of  excitability,  and  this  goes  on  until  no  stimulation  can  be  produced, 
even  by  a  strong  current.  The  progressive  changes  in  irritability  may 
be  conveniently  represented  on  a  chart.  Fig.  30  shows  the  typical 
course  of  the  changes  of  irritability  in  a  case  of  moderate  severity.  In 
the  muscle  (M)  a  fall  of  irritability  (due  to  the  degeneration  in  the 


SYMPTOMS. 


45 


m 

lEKS 
M 

5 

y 

1  ' 

> .  / 

c 

>  5 

1--.- 

..•V'- 

I 

p 

..Miiiiiiiriillilllllllllll 

IIIIIIIIIIIMIIIII 

Illlllll 

iililliiUi 

ri&.  30. — Type  of  degenerative  reaction  in  a  case  of  nerve-injury  of  mode- 
rate severity,  (After  Erb.)  Muscle  irritability  lowered  from  middle  of 
first  week;  faradaic,  extinct  in  middle  of  third,  reappearing  in  ninth; 
voltaic,  increased  from  middle  of  second  week  until  tenth,  then  de- 
pressed until  fourteenth.  Nerve  irritability  lowered  from  middle  of  first 
week,  lost  at  end  of  second,  reappearing  at  seventh.  Power  lost  until 
end  of  fifth  week. 

In  this  and  the  following  figures  the  normal  degree  of  irritability  (ascer- 
tained from  the  healthy  side)  is  represented  by  the  finely  dotted 
horizontal  line  (n.l.) ;  faradaic  irritability,  F,  by  a  line  of  larger  dots ; 
voltaic  irritability,  V,  by  a  broken  line;  M,  muscle;  N,  nerve;  P, 
power  of  voluntary  contraction;  the  asterisk  marks  the  occurrence  of 
the  lesion.    The  vertical  lines  represent  time  intervals. 

nerve-endings)  occurs  simultaneously  with  that  in  the  nerve-trunk  (N) 
and  the  faradaic  excitability  becomes  extinct  at  the  same  time  iu  both 
nerve  and  muscle.  The  fall  in  voltaic  irritability  is  quickly  arrested 
by  the  change  in  the  muscular  fibres  through  which  they  soon  become 
more  excitable  than  normal  to  the  voltaic  current.  This  change  usually 
occurs  during  the  second  week,  and  the  irritability  continues  to  increase 
during  the  third  and  fourth  weeks.  At  its  maximum  it  may  amount 
to  three,  four,  or  five  cells  of  the  battery,  i.  e.,  contraction  can  be 
obtained  in  the  paralysed  muscles  with  a  current  weaker,  by  so  many 
cells,  than  is  necessary  to  cause  contraction  in  a  corresponding  un- 
affected part.  The  further  course  of  the  changes  in  irritability  depends 
on  the  severity  of  the  lesion  and  the  intensity  of  the  degeneration.  In 
a  case  of  moderate  degree,  such  as  is  shown  on  the  chart,  nerve  irrita- 
bility reappears  about  the  end  of  the  second  month,  usually  after  some 
voluntary  power  is  regained.  It  is  at  first  low,  so  that  a  strong  current 
is  required.  It  gradually  increases,  but  for  a  long  time  continues  a 
little  below  the  normal  degree.  This  return  of  nerve  irritability  is 
accompanied  by  a  corresponding  return  of  faradaic  irritability  in  the 
muscles  (i.  e.  in  the  intra-muscular  nerves).  The  increase  of  voltaic 
irritability  often  persists  long  after  recovery  of  power,  but  it  lessens 
as  faradaic  irritability  returns,  and,  as  shown  in  the  chart,  it  may 
fall  below  the  standard  of  health  before  it  ultimately  regains  the 
normal  degree. 

Slight  changes  in  irritability  can  be  ascertained  only  by  a  comparison 
with  the  corresponding  part  on  the  other  side  in  the  same  individual. 
Moreover,  when  we  speak  of  excitability  being  "  lost,"  we  mean  that 
we  can  obtain  no  stimulation  by  any  strength  of  current  that  can  be 
borne.  This  strength  varies  in  different  persons  and  in  different  pai-ts. 
The  more  sensitive  the  part,  the  earlier  irritability  seems  to  be  lost, 
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and  the  later  it  seems  to  return.  In  many  cases,  if  we  could  use  very 
strong  currents,  the  irritability  would  be  found  to  be  merely  much 
lowered,  although  it  seems  to  be  extinct  when  we  can  only  test  it  with 
currents  of  moderate  strength. 

If  the  lesion  is  very  severe,  so  that  there  is  no  recovery,  and  no 
regeneration  of  the  nerve,  the  loss  of  nerve  irritability,  and  of  the 
faradaic  muscular  irritability,  is  permanent.  The  increase  in  voltaic 
irritability  persists  for  mouths,  and  then  gradually  falls,  as  the 
muscular  fibres  waste,  and  becomes  lower  and  lower  (see  Fig.  31) 
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Eia.  31.— Type  of  reaction  in  a  case  of  complete  and  permanent  damage  to 
a  nerve.  (After  Erb.)  Early  course  as  in  the  last  diagram ;  no  return  of 
power,  nerve  irritability,  or  faradaic  irritability  in  the  muscle.  The  early 
increase  in  voltaic  irritability  gradually  lessens  and  at  the  end  of  ten 
months  falls  below  the  normal,  but  is  not  extinct  until  nearly  two  years. 

until  ultimately  no  reaction  can  be  obtained,  the  fibres  having  perished. 
It  does  not  become  extinct  until  at  least  a  year  has  elapsed,  and  some- 
times (as  in  the  chart)  only  towards  the  end  of  the  second  year. 
Often,  when  no  contraction  can  be  produced  on  the  first  attempt,  after 
two  or  three  separate  applications  of  voltaism,  distinct  contractions  are 
obtained. 

The  changes  we  have  hitherto  considered  are  in  the  degree  of  irrita- 
bility, "  quantitative  "  changes.  But  the  quantitative  increase  in  the 
muscular  irritability  is  accompanied  by  a  change  in  the  order  of 
response,  according  to  the  pole  that  is  applied  and  the  strength  of 
current  that  is  used— a  "  qualitative  "  change.  We  have  already  con- 
sidered its  general  characters  (p.  21),  and  have  seen  that  it  consists 
in  an  undue  readiness  of  response  at  the  positive  pole  (Anode)  com- 
pared with  that  at  the  negative  pole  (Kathode)  (Fig.  32,  B  and  C) , 
the  muscle  being  normally  the  more  sensitive  to  the  latter  (Fig.  32,  A). 
Writing  CI.  for  the  closure  of  the  circuit,  0.  for  its  opening,  and  0. 
for  contraction,  the  normal  reaction  is : 

1.  K.C1.C;  2.  ^^"•C'l-C!- 

(  KCl.C. ; 
I  An.Cl.C. . 

An.Cl.C. ;  2.  K.Cl.C. ;  3.  K.O.C. ;  4.  An.O.C. 

Sometimes  a  slight  abnormal  tetanic  contraction  during  the  passage 
of  the  current  also  occurs. 


1. 
1. 


i  An.O.C 
2.  An.O.C. 


3.  K.O.C. ;  in  disease  we  have 
3.  K.O.C;  or  even 
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This  qualitative  cliaBge  is  not  always  present,  at  any  rate  in  recog- 
nisable degree.  Even  when  there  is  a  marked  quantitative  change,  the 
kathodal  closure  contraction  may  still  occur  first.  When  the  change 
is  present,  it  is  only  in  the  muscles,  and  it  must  depend  on  the 
muscular  fibres  themselves.  In  the  motor  nerve  the  kathodal  response 
is  always  the  first,  although  a  qualitative  change  has  been  detected  in 
degenerated  sensory  nerves. 

The  muscular  contractions  which  occur  thus  with  undue  readiness 
differ  from  normal  contractions,  excited  through  the  nerves,  in  their 
distinctly  deliberate  character.    Instead  o£  the  quick,  lightning-like 


ri&.  32. — Tracings  of  the  muscular  contractions  in  nerve-degeneration.  (After 
Erb.)  Ka,  Kathodal  closure  contraction ;  An,  Anodal  closure  contraction. 
A,  tracing  in  health ;  Ka  much  stronger  than  An  ;  contractions  sudden.  B, 
tracing  in  nerve-degeneration  with  moderate  current.  An  much  greater  than 
Ka,  the  latter  scarcely  visible.  Contraction  slower,  shown  by  the  more 
sloping  upstroke.  C,  the  same,  with  a  stronger  current.  Ka  greater,  but 
still  less  than  An ;  the  slow  character  of  the  contraction  and  its  long  duration 
well  marked. 

contraction,  the  movement  is  distinctly  longer  in  reaching  its  maximum 
and  longer  in  its  duration.  This  difference  is  very  well  shown  in  the 
accompanying  tracings  of  contraction,  after  Erb  (Fig.  32).  During  the 
period  of  increased  voltaic  irritability,  the  mechanical  excitability  of 
the  fibres  is  often  increased.  If  they  are  directly  percussed,  they 
respond  with  a  distinct  alow  contraction  (Erb). 

Such  are  the  changes  in  irritability  which  occur  in  cases  of  nerve- 
lesion  and  degeneration  of  moderate  and  considerable  degrees  of 
severity.  Certain  variations  are  occasionally  met  with  and  these  are 
especially  frequent  cases  of  neuritis  of  slight  degree.  In  severe  cases 
the  fall  in  nerve  irritability,  which  usually  commences  in  the  middle 
of  the  first  week,  may  not  take  place  until  the  end  of  this  week, 
although  it  may  then  progress  so  rapidly  that  no  stimulation  can  be 


48 


LESIONS  OF  NERVES. 


obtaiued  at  the  end  of  the  second  week.  An  example  of  this  is  shown  in 
Fig.  33.*  The  same  chart,  and  some  of  those  that  follow  it,  illustrate 
another  very  common  variation  from  the  -type  above  described.  There 
may  be  no  fall  in  the  voltaic  excitability  of  the  muscles  before  the 
commencement  of  the  degenerative  increase.  Indeed  this  initial 
fall  is  as  often  absent  as  present.f  The  change  in  the  nutrition  of 
the  muscle  may  then  coincide  with,  instead  of  succeeding,  the  degene- 
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Fi&.  33. — Severe  neuritis,  paralysis  complete  for  months;  recovery  imperfect. 
Irritability  of  nerve,  normal  during  first  week  ;  fell  rapidly  during  the  second  ;  lost 
at  its  close.  Simultaneous  increase  in  voltaic  irritability.  The  divisions  on  the 
left  side  represent  cells  of  the  voltaic  battery,  and  half -centimetres  of  the  secondary 
coil  of  Stohrer's  induction  apparatus,  in  this  and  the  following  charts. 

Fig.  34. — Slight  neuritis ;  slight  return  of  power  on  seventh  day,  slowly  increas- 
ing ;  normal  in  fifth  week.  Muscle  :  faradaic  irritability  lessening  from  fourth  day, 
lost  on  fifteenth,  reappearing  on  twentieth.  Voltaic  irritability  normal  till  twelfth 
day,  then  augmented.  Nerve-trunk :  lowered  from  fourth  day  without  initial 
increase,  reappearing  on  twenty-third  day  j  changed  alike  to  faradaism  and  voltaism. 

ration  of  the  nerve-endings  (Figs.  33,  35).  Sometimes,  if  the  degene- 
ration is  rapid,  there  is  an  interval  of  a  few  days  before  the  secondary 
changes  in  the  muscle  have  reached  the  degree  necessary  to  produce 
increased  irritability.  In  a  slight  degree  of  degeneration,  the 
increase  in  the  voltaic  irritability  of  the  muscles  may  be  postponed 
for  a  week  or  more  after  the  nerve  irritability  begins  to  fall,  and  until 
the  rise  occurs,  the  voltaic  irritability  of  the  muscles  may  remain 
normal,  even  when  their  faradaic  irritability  falls  with  that  of  the 
nerve  trunk.    An  instance  of  this  is  shown  in  Fig.  34. 

When  the  nerve-lesion  is  very  slight  in  degree  the  fall  in  nerve 
irritability  may  be  preceded  by  a  rise,  which  may  be  far  greater  in 
degree  than  the  subsequent  fall.  The  fall  may  indeed  be  not  only 
slight,  it  may  be  altogether  absent,  so  that  the  rise  constitutes  the 
only  symptom.    This  initial  increase  in  irritability  is  of  considerable 

*  This  and  the  following  charts  are  from  cases  of  neuritis  of  the  facial  nerve. 

f  The  fall  seems  to  suggest  that  the  voltaic  irritability  of  the  muscular  fibres  is 
normally  below  that  of  the  nerve-endings,  but  the  fact  that  there  is  often  no  fall  seems 
incompatible  with  this  explanation.  It  may  be  that  the  effect  of  a  very  rapid 
degeneration  of  the  nerve  is  first  to  lower  the  irritability  of  the  muscular  fibres, 
perhaps  by  an  irritative  inhibition,  and  it  is  only  when  this  has  passed  away,  by  the 
greater  degeneration  of  the  nerve-endings,  that  the  muscular  excitability  can  be 
manifested.  When  the  change  in  the  nerve  is  slight  such  inhibitory  influence  may  be 
absent. 
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interest  as  the  manifestation  of  the  slightest  degree  of  alteration  in 
the  nutrition  of  nerve-fibres.*  It  may  last  for  a  few  days  or  for  two 
weeks  (Fig.  35),  and  I  have 
once  known  it  to  continue  for  five 
weeks  (Fig.  36).  Although  the 
change  in  irritability  of  the 
nerve  is  usually  the  same  to 
both  currents,  a  partial  excep- 
tioa  to  this  rule  is  presented  by 
the  increase  in  irritability  we 
are  now  considering.  The 
change  is  not  always  quite 
equal  to  faradaism  and  to  volta- 
ism,  and  it  is  frequently  much 
more  marked  to  the  isolated 
faradaic  shocks,  than  it  is  to 
either  the  voltaic  current  or  the 
rapid  succession  of  shocks  that 
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Fig.  35. — Slight  neuritis ;  power  not  entirely- 
lost,  and  became  normal  during  the  third 
week.  Slight  deg.  react,  in  muscle  deve- 
lopied  during  second  week,  and  continuing 
till  seventh.  Nerve  irritability  increased 
during  second  week,  passing  during  the 
third  into  transient  depression,  the  vol- 
taic irritability  falling  more  than  the  fara- 
daic. 
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Fig.  36. — Slight  neuritis ;  quick  recovery  of  power  during  third  and  fourth 
weeks.  Degen.  react,  in  muscles  present  at  the  end  of  the  second  week, 
slowly  lessening,  but  present  in  slight  degree  until  the  fourth  month! 
Considerable  increase  in  irritability  in  the  nerve-trunk  at  the  end  of  the 
second  week,  greatest  to  the  faradaic  shock  (crosses)  and  lasting  until  the 
fifth  week. 

constitutes  the  faradaic  current.  This 
is  shown  very  strikingly  in  Fig.  36, 
and  in  less  degree  in  Fig.  38.  In  the 
former  the  irritability  to  the  two  cur- 
rents was  the  same ;  in  the  latter  that 
to  voltaism  was  distinctly  the  greater. 
I  have  once  met  with  a  slight  but 
distinct  and  prolonged  diminution  in 
faradaic  irritability  when  no  change 
could  be  found  to  voltaism  (see  Fig. 
37).  Bernhardt  has  observed  lessened 
irritability  to  faradaism  with  distinct 
increase  to  voltaism  in  an  ulnar  nerve 
the  seat  of  traumatic  paralysis.  In 

*  A  similar  change  is  met  with  in  some  cen 
agitans. 
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Fig.  37. — Slight  neuritis ;  power  re- 
gained during  the  second  week. 
Deg.  react,  in  muscle  distinct  on 
eighth  day,  lessening  during  second 
and  third  weeks.  Nerve  :  lowered 
faradaic,  normal  voltaic  irritability 

one  singular  case  of  double 
tral  diseases,  as  chorea  and  paralysis 
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facial  palsy,  with  -weakness  of  the  limbs,  and  changes  in  their  muscular 
irritability,  the  voltaic  excitability  of  tbe  facial  nerves  was  not 
lessened,  altliough  faradaic  irritability  was  lost  to  such  a  current  as 
could  be  borne.  The  case  resembled  in  characters  diphtheritic  para- 
lysis, although  there  was  no  history  of  diphtheria.  It  was  probably 
either  a  form  of  multiple  parenchymatous  neuritis,  or  changed  nutrition 
of  the  ganglion-cells.    The  symptoms  gradually  passed  away.* 

Moreover,  the  law  that  the  faradaic  irritability  is  changed  in 
the  same  degree  in  the  muscles  (nerve-endings),  and  in  the  nerve- 
trunk,  is  also  not  always  true  of  slight  cases." 
The  muscle-nerves  may  present  no  change 
when  tlie  excitability  of  the  nerve-tnink  is 
considerably  increased  (Fig.  38) .  The  i>robable 
significaiice  of  this  difference  has  been  already 
mentioned  (p.  43). 

The  electrical  excitability  of  a  nerve  and  its 
power  of  conduction  are  usually  lost  together. 
But  when  a  nerve  is  recovering  from  a  local 
lesion,  and  regeneration  is  in  progress  below 
the  lesion,  some  power  of  conducting  the 
voluntary  stimulus  may  return  in  the  peri- 
pheral portion  before  it  becomes  excitable 
by  any  form  of  electricity.  Another  rare 
anomalous  condition  has  been  noted  by  Bern- 
hardt and  Grriinberg,  in  recent  cases  of  nerve 
injury.  When  the  lesion  arrests  all  conduction  of  the  voluntary 
stimulus  a  strong  faradaic  stimulation  of  the  nerve  above  the  lesion 
may  still  cause  slight  contraction  in  the  paralysed  muscles.  It  is 
probable  that  this  difference  is  simply  one  of  strength  of  stimulus,  and 
that  the  nerve  impulse  generated  by  the  electricity  is  stronger  than 
that  descending  from  the  brain. 

Recovery  of  the  nerve  is  attended  by  gradual  restoration  of  power 
over  the  muscles,  the  nutrition  of  which  slowly  improves ;  but  if  the 
wasting  has  been  considerable,  a  long  time  elapses  before  they  regain 
their  normal  size,  and,  as  already  stated,  they  may  be  always  somewhat 
smaller  than  the  corresponding  muscles  on  the  unaffected  side. 
Curious  secondary  spasmodic  symptoms  are  common  after  palsy  of  the 
facial  nerve  (q.  v.) — spontaneous  muscular  contractions,  and  associated 
over- action  of  the  affected  muscles.  The  associated  over-action  is  very 
rarely  met  with  after  palsy  of  the  nerves  of  the  limbs,  but  coarse, 
fibrillary,  muscular  contractions  are  not  uncommon,  and  may  persist 
for  years  after  recovery.  Their  probable  nature  is  discussed  in  the 
account  of  the  pathology  of  facial  paralysis. 

Sensory  symptoms  also  result  from  lesions  of  the  nerves  that  contain 

*  The  observations  were  made  with  great  care  and  with  full  knowledge  of  a 
frequent  source  of  fallacy — the  dilfusion  of  the  voltaic  current  to  the  muscles  them- 
selves.   Cyon  has  observed  a  similar  change  after  injury  to  a  nerve  in  an  animal. 


Fig.  38. — Very  slight  neu- 
ritis. No  change  in 
muscular  irritability ;  ir- 
ritability of  nerve-trunk 
increased  from  fourth  to 
eighth  day,  most  to  fara- 
daic shock  (crosses), 
least  to  faradaic  cur- 
rent. 
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sensory  fibres.  The  interruption  of  the  fibres  arrests  conduction,  and 
causes  loss  of  sensation  in  the  part  supplied  by  the  nerve,  just  as  it 
causes  motor  palsy.  But  a  slight  lesion  of  the  nerve  may  cause  per- 
sistent muscular  paralysis,  and  sensation  may  be  uualfccted,  or 
impaired  only  in  slight  degree,  and  for  a  short  time.  This  result  is 
so  frequent  that  we  cannot  ascribe  it  to  a  difference  in  the  relative 
damage  to  the  motor  and  sensory  fibres.  The  probable  explanation  is 
that  a  slight  degree  of  conduction  may  suffice  for  the  stimu- 
lation of  the  sensory  centres  in  the  brain,  and  not  for  that  of  the 
muscular  fibres.  In  another  class  of  cases,  however,  we  must  seek  a 
different  explanation  of  the  persistence  of  sensibility  in  the  area 
supplied  by  the  nerve.  There  may  be  no  loss  even  when  a  nerve  is 
completely  divided.  This  is  observed  chiefly  near  the  extremity  of  a 
limb.  It  can  only  be  explained  by  what  is  termed  "  recurrent  sensi- 
bility." Anastomoses  exist  between  the  terminal  fibres  of  different 
nerve-trunks,  and  it  would  seem  that,  in  some  individuals,  the  connec- 
tion is  so  abundant  as  to  suffice  for  conduction.  Thus,  of  two  persons 
in  whom  the  ulnar  nerve  at  the  wrist  has  been  divided,  one  may  have 
total  anaesthesia  in  the  fingers  supplied  by  the  nerve,  and  in  the  other 
there  may  be  little  or  no  loss. 

The  peripheral  segments  of  the  sensory  fibres  degenerate,  like  the 
motor  nerves.  We  cannot  test  them,  and  ascertain  the  degeneration 
in  the  same  way,  in  severe  lesions,  because  their  stimulation  cannot  be 
perceived.  Nevertheless,  an  altered  polar  reaction  has  been  observed 
in  slight  cases,  analogous  to  that  which  occurs  in  the  muscles.  A 
sensation  is  produced  with  the  positive  pole  by  a  weaker  current  than 
is  required  with  the  negative  pole.  In  very  rare  cases  of  nerve  injury 
a  delay  in  conduction  of  pain  has  been  observed. 

Increased  sensitiveness  in  the  area  of  distribution  of  the  nerve, 
with  or  without  spontaneous  pain,  is  very  common  in  cases  of  partial 
lesions  of  nerves.  It  must  be  referred  to  the  morbid  changes  in  their 
fibres,  alterations  in  the  nutrition  of  the  axis-cylinder,  probably  analo- 
gous to  the  slight  changes  in  the  motor  nerves.  Hypersesthesia, 
increased  sensory  excitability,  is  analogous  to  the  increased  motor 
excitability  that  we  have  seen  is  sometimes  present.  Pain  and  tender- 
ness of  the  nerve-trunk  are  also  frequent  in  the  same  cases,  due  no 
doubt  to  the  increased  sensitiveness  of  the  "  nervi  nervorum " 
distributed  in  the  sheath.  The  pains  of  both  kinds  are  sometimes 
very  severe  and  persistent. 

Reflex  Action. — ^AU  lesions  of  nerves  abolish  reflex  action  in  the  area 
of  the  distribution  of  the  nerve  affected.  In  the  muscles  supplied, 
myotatic  irritability  is  also  lost,  and  this  loss  may  persist  long  after 
the  other  symptoms  have  passed  away. 

Vaso-motor  and  trophic  disturbance  occurs  frequently  in  consequence 
of  lesions  of  nerves.  The  vaso-motor  nerves  run  in  the  mixed  nerve- 
trunks,  and  suffer  with  the  other  fibres.  The  general  character  of  the 
disturbance  has  been  already  described.    When  the  lesion  is  acute  and 
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irritative,  vascular  dilatation  and  an  increase  of  temperature  occur  at 
first,  and  are  followed  by  passive^hyperaemia  and  lowered  temperature. 
There  may  be  oedema,  and  an  increased  secretion  of  sweat.  The 
changes  in  the  skin,  acute  and  chronic,  are  those  that  have  been 
ah-eady  described  (p.  18) .  They  may  occur  when  there  is  no  conspicuous 
evidence  of  vaso-motor  paralysis.  The  atrophy  and  smoothness  of  the 
skin  is  especially  common.  Occasionally,  instead  of  becoming  thin,  it 
increases  in  thickness,  the  nails  often  become  thick  and  rough  and 
present  transverse  furrows.  The  growth  of  the  hair  may  be  lessened 
or  increased.  Sloughing  of  the  skin  is  far  less  common  than  in  central 
diseases,  but  vesication  occurs  with  extreme  readiness.  Mustard 
plasters  also  blister  the  skin  more  readily  than  in  health.  It  is  important 
to  remember  this,  because  the  affection  is  one  in  which  hot  applications 
are  often  recommended,  A  gentleman  dislocated  his  shoulder,  and 
either  by  the  displaced  bone,  or  in  the  reduction,  the  brachial  plexus 
was  seriously  injured.  The  muscles  of  the  hand  wasted,  and  the  skin 
became  glossy.  He  was  advised  to  bathe  the  hand  daily  in  hot  water. 
One  day  his  wife  bathed  it  in  water  which  to  her  was  pleasantly  warm, 
but  the  result  was  that  the  hand  was  covered  with  blisters,  and  ulcers 
were  left  which  did  not  heal  for  months.  The  joints  often  suffer  in 
their  nutrition.  Acute  inflammation,  such  as  occurs  sometimes  in 
spinal  affections,  is  rare,  but  chronic  changes  in  the  joints  are  frequent. 
Adhesions  and  alterations  in  the  articular  surfaces  often  limit  the 
movement  of  the  joints.  When  the  muscular  wasting  is  slight,  the 
condition  may  resemble  a  primary  joint  affection,  and  thus  a  mistake 
in  diagnosis  is  sometimes  made. 


INFLAMMATION  OF  NBEVES :  NEURITIS. 

Neuritis,  or  inflammation  of  nerves,  presents  various  characters, 
which  have  led  to  the  distinction  of  numerous  forms.  The  inflamma- 
tion usually  affects  chiefly  the  outer  sheath  of  the  nerve,  and  this  has 
been  rather  needlessly  distinguished  as  "  perineuritis."  It  may  involve 
chiefly  the  connective  tissue  between  the  bundles  of  nerve-fibres  ("  in- 
terstitial neuritis  ")  ;  or  the  nerve-fibres  themselves  ("parenchymatous 
or  degenerative  neuritis  ").  Our  knowledge  of  the  latter  is  recent,  but 
as  an  acute  and  chronic  process  it  has  been  found  to  be  much  more 
frequent  than  was  suspected  a  few  years  ago.  Some  forms  of  neuritis 
have  a  tendency  to  ascend  the  nerve,  and  this  variety  has  been  termed 
"  ascending  neuritis  "  or  "  neuritis  migrans."  Usually  only  one  nerve- 
trunk  is  primarily  affected,  but  sometimes  many  nerves  suffer  at  the 
same  time.  This  condition,  "  primary  multiple  neuritis,"  is  of  great 
importance,  and  will  be  described  in  a  separate  section. 
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Most  forms  of  neuritis  may  be  either  acute  or  chronic.  Acute 
neuritis  usually  subsides  into  a  chronic  stage,  and  its  symptoms  may 
thus  persist  for  a  long  time.  Other  varieties  that  have  been  distin- 
guished depend  upon  the  cause  to  which  the  inflammation  is  secondary. 
Thus  we  may  have  cancerous,  syphilitic,  and  other  forms,  and  these 
distinctions  have  some  justification  in  the  fact  that  there  are  some 
pathological  differences  in  these  forms  of  secondary  neuritis. 

Causes. — Any  injury  to  a  nerve  causes  more  or  less  traumatic  in- 
flammation at  the  seat  of  injury.  Such  inflammation  occurs  readily, 
and  follows  damage  that  is  slight  as  well  as  that  which  is  severe. 
ISTeuritis  may  thus  be  set  up  by  all  sorts  of  incised  and  punctured 
woimds,  by  contusions,  and  by  over-extension  of  the  nerves.  Those 
that  pass  by  joints  are  liable  to  injury  from  dislocations,  either  by 
the  displacement  of  the  bones,  or  from  pressure  during  reduction. 
The  brachial  plexus  often  suffers  from  this  cause.  In  fractures  the 
nerves  may  be  injured  directly,  or  may  be  compressed  by  the  callus 
that  is  formed.  External  pressure  on  the  nerve  may  also  produce 
inflammation;  the  musculo-spiral  and  the  sciatic  often  suffer  from 
this  cause.  The  musculo-spiral  and  the  nerve  to  the  serratus  are 
sometimes  damaged  by  a  violent  contraction  of  the  muscles  through 
which  they  pass. 

Neuritis  may  be  set  up  by  extension  from  adjacent  inflammation. 
The  nerves  near  suppurating  joints  may  be  involved,  and  even  those 
that  pass  by  a  joint  that  is  the  seat  of  rheumatic  inflammation.  The 
intercostal  nerves  have  been  affected  by  extension  from  an  inflamed 
pleura.  The  cranial  nerves  and  the  spinal  nerve-roots  are  involved  by 
extension  with  especial  frequency.  Some  of  the  most  important  sym- 
ptoms of  meningitis  are  due  to  the  invasion  of  the  nerves. 

Exposure  to  cold  is  another  cause  of  neuritis.  It  is  then  often 
called  "  rheumatic."  The  nerve,  or  rather  its  sheath,  may  be  primarily 
affected,  or  the  first  effect  may  be  inflammation  of  the  fasciae,  from 
which  the  inflammation  may  spread  to  the  nerve-sheath.  Persons  who 
are  liable  to  muscular  rheumatism,  and  those  who  are  gouty,  suffer 
thus  more  than  those  who  are  prone  to  acute  articular  rheumatism. 

Neuritis  occurs  also  from  certain  general  diseases.  The  chief  are 
gout— from  which  it  may  develope  without  exposure  to  cold — syphilis, 
and  cancer.  In  the  latter  it  occurs  only  in  the  neighbourhood  of  a 
cancerous  growth,  but  the  inflammation  may  be  apparently  simple. 
It  occurs  rarely  in  leucocythsemia,  from  an  mfiltration  of  the  nerve 
with  leucocytes.  Acute  diseases  may  also  lead  to  neuritis.  Small- 
pox, typhoid  fever,  and  others,  may  cause  simple  neuritis.  Diphtheria 
causes  a  special  "  parenchymatous  "  form.  Acute  degeneration  of  the 
nerves  has  been  found  in  the  neighbourhood  of  bedsores  in  hemiplegia 
(Pitres).  Such  pressure-neuritis  may  be  the  mechanism  by  which  bed- 
sores are  produced.  Neuritis  may  result  from  lead-poisoning,  although 
it  IS  not  certain  that  the  characteristic  paralysis  which  lead  produces  is 
due  to  neuritis.    Lastly,  multiple  neuritis  has  been  lately  proved  to 
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occur  from  many  causes,  of  which  the  chief  is  alcoholism,  aud 
to  form  part  of  many  diseases  in  which  it  was  previously  unsus- 
pected. 

Pathological  Anatomy. — In  acute  inflammation  the  affected  part  of 
the  nerve  is  red  and  swollen.  The  redness  depends  on  distended 
vessels,  which  may  be  visible  on  the  surface.  The  swelling  is  due  to 
cedema,  or  to  a  sero-fibrinous  exudation,  sometimes  jelly-like  in 

aspect.  The  microscope  shows 
leucocyte-like  corpuscles,  sur- 
rounding the  vessels,  infiltrating 
the  sheath  (Fig.  39)  and  ac- 
cumulating between  it  and  the 
nerve.  There  may  be  even  small 
extravasations  of  blood.  These 
changes  may  be  limited  to  the 
sheath,  in  what  is  called  "  peri- 
neuritis," or  may  extend  into 
the  substance  of  the  nerve  in 
"  interstitial  neuritis."  In  the 
latter  case  the  lymphoid  cor- 
puscles infiltrate  the  septa,  and 
may  even  be  seen  in  the  sub- 
stance of  the  fasciculi  between 
the  nerve-fibres.  These  changes 
may  be  continuous  along  a  con- 
siderable tract  of  the  nerve  (diffuse  neuritis),  but  more  frequently 
they  are  chiefly  marked  at  certain  places,  which  are  separated  by  por- 
tions of  the  nerve  which  are  so  little  affected  as  to  appear  to  the  naked 
eye  to  be  normal  (focal  or  disseminated  neuritis).  The  foci  of  in- 
flammation are  chiefly  situated  at  places  where  the  nerve  turns  round 
a  bone,  or  emerges  from  canals  or  fascise,  or  divides. 

The  extent  to  which  the  nerve-fibres  suffer  varies  much.  They 
usually  present  little  change,  when  the  inflammation  is  limited  to 
the  sheath,  unless  the  nerve  lies  in  a  bony  canal,  or  in  rigid  fibrous 
tissue,  within  which  the  sheath  cannot  expand ;  its  swelling  then  exerts 
pi'essure  on  the  fibres.  When  the  inflammation  is  interstitial  the 
fibres  sxiffer  more  readily,  although  not  invariably.  On  the  other 
hand,  they  are  sometimes  found  much  altered,  when  the  connective- 
tissue  elements  are  but  little  affected.  In  this  case  the  inflammation 
is  probably  "  parenchymatous  "  and  begins  in  the  nerve-fibres,  the  in- 
terstitial tissue  being  secondarily  involved.  The  changes  in  the  fibres 
are  almost  the  same  as  those  that  occur  in  degeneration  (Figs.  28  and 
29).  It  was  pointed  out  how  closely  the  two  processes  of  inflamma- 
tion and  degeneration  are  connected,  and  how  diflBcult  it  is  to  separate, 
or  even  to  distinguish  them,  in  many  cases.  The  myelin  of  the  white 
substance  first  breaks  up  into  segments,  more  or  less  elongated,  often 
with  smaller  globules  of  myelin  between  or  beside  them.    The  masses 


Fig.  39. — Neuritis  :  deo^eneration  of  nerve- 
fibres,  the  myelin  broken  up  into  masses, 
globules,  and  granules.  Accumulation  of 
leucocytes  in  nerve-sheath.  From  a  case 
of  multiple  neui-itis.   (After  Leyden.) 
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are  cloudy  or  finely  granular  in  aspect.  The  axis-cylinders  are 
interrupted  where  the  myelin  is  divided.  The  nuclei  of  the  sheath  are 
increased  in  number,  and  the  protoplasm  around  them  is  increased  in 
quantity.  Next  the  myelin  is  divided  into  smaller  globules  and 
granules,  and  the  axis-cylinder  is  no  longer  recognisable.  The  myelin 
then  disappears  in  parts  of  the  tubes,  while  it  remains  at  other  parts, 
but  is  still  more  finely  divided.  Lastly,  the  sheaths  become  empty, 
and  very  narrow,  containing  only  nuclei  at  intervals,  with  here  and 
there  a  little  finely  granular  material,  or  sometimes  some  browiiish 
pigment  granules,  the  process  may  thus  go  on  to  complete  destruc- 
tion of  the  fibres.  These  commonly  suffer  unequally  ;  fibres .  that 
have  a  normal  appearance  are  scattered  among  those  that  are  much 
altered. 

In  interstitial  neuritis  the  axis-cylinders  often  suffer  less  than  the 
white  substance.  The  latter  becomes  atrophied,  so  that  the  fibres  are 
smaller  than  normal.  If  the  interstitial  inflammation  is  very  intense 
the  fibres  may  brea.k  up  as  above  described.  As  the  inflammation  sub- 
sides, the  new  cellular  elements  that  have  made  their  appearance  assume 
the  aspect  of  fusiform  cells,  and  fibrous  tissue  is  developed,  either  from 
these  cells,  which  become  less  numerous,  or  from  the  intercellular  exu- 
dation. This  fibrous  tissue  surrounds  and  encloses  the  fasciculi,  a 
condition  that  has  been  termed  "sclerosis  of  the  nerve."  A  firm 
fusiform  swelling  may  remain  at  the  affected  spot,  and  this  may  be 
adherent  to  adjacent  structures.  Sometimes  fat  is  ultimately  formed  in 
the  new  connective  tissue,  a  condition  that  has  been  rather  unnecessarily 
termed  "  lipomatous  neuritis  "  (Ley den) ;  the  -  fatty  deposit  does  not 
seem  to  be  related  to  any  special  form  of  neuritis. 

In  syphilitic  neuritis,  which  affects  chiefly  the  cranial  nerves,  there 
is  a  cellular  growth  in  the  sheath  and  interstitial  tissue  similar  to  that 
which  constitutes  other  syphilitic  new  formations,  with  a  variable 
amount  of  leucocytal  infiltration  of  simjoler  inflammatory  character. 
The  growth  in  the  sheath  may  amount  to  a  distinct  syphilitic  tumour, 
with  or  without  interstitial  changes.  In  cancer,  nerves  adjacent  to 
the  new  growth  may  present  simple  interstitial  neuritis  or  may  be 
infiltrated  by  a  growth  of  cancer-elements  spreading  to  the  nerve  by 
direct  extension. 

The  destructive  changes  in  the  nerve-fibres  extend  down  the  nerve 
to  the  periphery  in  a  process  of  secondary  degeneration,  more  or  less 
inflammatory  in  nature,  and  accompanied  by  more  or  less  interstitial 
inflammation.  The  changes  that  result  are  those  that  have  been 
already  described  as  occurring  in  secondary  degeneration.  Usually  the 
central  portion  of  the  nerve  remains  free,  the  alterations  ceasing  a 
short  distance  above  the  seat  of  the  primary  inflammation.  In  rare 
cases  an  ascending  neuritis  (n.  migrans)  passes  up  the  nerve,  and 
may  spread,  at  a  plexus,  to  other  nerve-bundles,  and  other  nerve- 
trunks.  The  formation  of  fibrous  tisstie  in  the  inflamed  part,  and 
the  cicatricial  contraction  of  this  tissue,  often  prolongs  the  irritation 
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Of  the  nerve-fibres,  and  tlio  symptonas  due  to  this,  and  a  state  of 

chronic  neuritis  "  is  said  to  be  left. 
_  Symptoms.— The  symptoms  of  neuritis  vary  extremely  according  to 
its  intensity,  its  extent,  and  the  nerve  that  is  affected.    The  onset  of 
the  acute  form  is  sometimes  attended  by  some  constitutional  dis- 
turbance, especially  when  many  nerves  are  affected  (see  "  Multiple 
ITeuritis").    The  chief  symptoms  are  local.    The  most  prominent  is 
pain,  felt  in  the  inflamed  part  of  the  nerve,  and  also  often  in  the  part 
to  which  it  is  distributed.    The  local  pain  is  due  t#  the  irritation  of  the 
"  nervi  nervorum,"  the  distant  pain  is  produced  by  irritation  of  the 
proper  fibres  of  the  nerve.    Sometimes  the  pain  involves  the  whole 
limb,  and  in  severe  cases  it  may  be  most  intense,  burning,  boring, 
rarely  darting,  in  character;  usually  worse  at  night;  increased  by 
movement,  by  postures  that  involve  tension  or  pressure  on  the  nerve, 
and  by  whatever  causes  passive  congestion  of  the  limb,  such  as  the 
act  of  coughing.    Sometimes  it  seems  to  radiate  into  distant  parts, 
and  not  rarely  pain  is  also  felt  in  the  corresponding  region  of  the 
opposite  limb.    The  sensitiveness  of  the  whole  of  the  affected  region 
is  increased,  and  even  the  bone  may  be  tender,  so  that  at  first  attention 
may  not  be  directed  to  the  nerve,  but  when  this  is  pressed  great  pain 
is  always  produced.    In  slighter  cases  the  pain  is  usually  limited  to 
the  nerve  and  its  distribution.    If  the  nerve  is  accessible  to  direct 
examination  it  may  be  felt  to  be  distinctly  swollen  at  the  affected 
part.    Occasionally  the  skin  over  it  has  been  observed  to  be  red,  and 
rarely  there  has  been  sHght  oedema.    Spontaneous  sensations  may  be 
felt  in  the  region  supplied  by  the  nerve,  tinghng,  &c.,  and  the  skin  may 
be  hyperaesthetic.    After  a  time,  as  the  nerve-fibres  suffer,  sensation 
may  be  perverted,  or  even  lessened  ;  complete  anaesthesia  is  usually 
confined  to  small  areas.    The  muscles  supplied  by  the  nerve  become 
weak,  tender,  and  present  fibrillar  twitchings,  while  they  may  contract 
occasionally  in  very  painful  cramp.    Increased  perspiration  has  been 
observed  in  the  part  of  the  skin  supplied  by  the  inflamed  nerve,  and 
sometimes,  although  rarely,  eruptions  occur.    Herpes  is  not  common 
from  ordinary  acute  neuritis  ;  a  curious  fact,  considering  that  one  form 
of  neuritis  seems  to  be  its  constant  cause.    Effusion  into  joints  has 
been  observed  in  very  rare  cases.    The  constitutional  disturbance, 
which  may  attend  the  onset,  subsides  in  the  course  of  a  few  days,  but 
the  pain  and  other  symptoms  usually  persist  in  undiminished  severity 
for  several  weeks.   They  ultimately  slowly  subside  into  a  chronic  stage. 

When  the  affection  is  chronic  from  the  commencement,  initial 
constitutional  disturbance  is  absent.  Pain  is  the  prominent  symptom 
from  the  first.  It  may  prej)onderate  either  in  the  nerve  at  the  seat  of 
the  inflammation,  or  in  the  region  of  its  distribution.  The  affection 
of  sensibility,  and  the  trophic  changes,  are  similar  to  those  met  with  in 
the  acute  form.  In  both  forms  the  muscles  may  waste,  and  present  the 
reaction  of  degeneration  when  they  are  tested  with  electricity  (p.  45). 
In  slight  cases  the  initial  increase  of  excitability  in  the  nerve  is  often 
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well  marked.  Trophic  changes  in  the  skin  are  very  common,  especially 
the  chronic  impairment  of  nutrition  that  results  in  the  glossy  condition. 
Slight  alteration  in  the  nutrition  of  the  joints  is  also  common,  and 
adhesions  form,  limiting  the  movement,  and  fixing  the  parts  in  the 
position  corresj)onding  to  the  muscular  paralysis. 

When  neuritis  ascends  a  nerve,  the  symptoms  gradually  extend  in 
area,  and  if  it  reaches  the  plexus  from  vs^hich  the  nerve  proceeds,  they 
may  extend  to  all  the  nerves  of  the  limb.  This  "  migrating  neuritis  "is 
not  rare  in  man,  and  is  readily  produced  in  animals.  It  may  reach 
the  spinal  cord,  and  there  produce  various  disturbances.  The  inflam- 
mation may  spread  in  the  tissue  outside  the  dura  mater,  or  may  extend 
to  the  cord,  and  cause  subacute  or  chronic  myelitis  with  or  without 
meningitis.  The  paralysis  that  occurs  secondarily  to  some  visceral 
diseases,  as  those  of  the  bladder,  and  commonly  regarded  as  reflex 
paralysis,  are  probably  produced  through  the  agency  of  an  ascending 
neuritis.  Lastly,  the  inflammation  may  extend  to  the  nerves  of  the 
other  side,  usually  to  those  that  correspond  to  the  primary  seat  of  tbe 
disease.  Such  extension  may  be  through  the  spinal  cord  or  the 
membranes,  but  in  some  cases  symptoms  occur  in  the  nerve  of  th.e 
opposite  side,  without  any  indication  of  an  affection  of  the  centres. 
Experiments  on  animals  have  demonstrated  that  such  implication  of 
the  opposite  nerve  may  occur  wlien  the  centres  are  unaffected.  It  lias 
been  called  "  sympathetic  neuritis."  We  have  seen  that  reflected 
pains  are  occasionally  felt  in  the  corresponding  nerve  on  the  opposite 
side,  and  it  is  probable  that,  as  in  neuralgia,  vaso-motor  disturbance 
in  the  nerve-sheath  may  accompany  such  pains,  and,  in  a  predisposed 
person,  may  cause  actual  neuritis. 

The  duration  and  course  of  neuritis  vary  much.  A  slight  acute 
neuritis  may  run  its  course  in  a  few  weeks  and  then  subside.  Much 
more  commonly  the  affection  persists  in  a  chronic  stage  for,  many 
weeks,  or  even  months,  and  slowly  passes  off.  The  "rheumatic" 
forms  are  as  a  rule  much  more  tedious  than  those  that  result  from 
injury,  although  traumatic  neuritis  is  sometimes  very  insidious  and 
may  last  a  long  time ;  it  may  ascend  the  nerve  from  its  starting-place, 
and  become  localised  in  certain  situations,  where  it  may  develop  afresb, 
and  give  rise  to  symptoms  that  may  seem  to  be  independent  of  tbeir 
cause. 

Diagnosis.— The  diagnosis  of  neuritis  depends,  first,  on  the  locali- 
sation of  the  symptoms  to  the  distribution  of  a  certain  nerve-tmnk,  and 
secondly  on  the  pain  and  tenderness  in  the  nerve.  The  diffuse  pains 
that  attend  the  onset  may  be  readily  mistaken  for  the  pains  of  acute 
rheumatism,  or  for  those  due  to  an  inflammation  of  the  bone,  but  in 
the  course  of  a  day  or  two  the  localisation  of  the  symptoms  declares 
their  nature.  The  chronic  form  is  easily  mistaken  for  neuralgia,  and 
the  diagnosis  is  often  difficult,  the  more  so  in  that  many  so-called 
neuralgias  are  really  due  to  neuritis.  The  distinction  can  only  be  fully 
discussed  when  we  have  considered  the  symptoms  of  neuralgia,  but  it 
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rests  chiefly  on  the  fact  that  in  neuralgia  the  paiu  intermits  more 
completely  than  in  neuritis,  there  is  not  the  same  initial  tenderness  in 
the  nerve-trunks,  and  the  tender  spots  have  a  more  unifonn  localisation. 
Lessened,  sensibility,  showing  organic  damage  to  the  nerve-fibres,  is 
conclusive  evidence  of  neuritis.  The  pains  in  some  central  diseases, 
chiefly  those  of  the  spinal  cord,  may  be  thought  to  be  due  to  neuritis, 
but  there  is  not  the  local  tenderness  of  the  nerve-trunk,  and  the  pain 
is  not  limited  to  the  distribution  of  a  single  nerve.  As  we  shall  see 
presently,  the  diagnosis  of  multiple  neuritis  from  affections  of  the 
cord  is  far  more  difficult. 

Prognosis. — The  gravest  form  of  simple  neuritis  is  that  in  which  the 
nerve  is  affected  secondarily  to  a  local  suppurative  inflammation.  The 
prognosis  is  best,  as  a  rule,  in  traumatic  neuritis,  but  the  rule  is  one 
to  which  the  exceptions  are  occasionally  very  considerable  in  degree. 
The  rheumatic  form  is  usually  less  grave  than  the  traumatic.  In  all 
cases  the  intensity  of  the  symptoms,  and  the  evidence  of  descending 
degeneration,  furnish  a  more  trustworthy  guide  to  prognosis  than  does 
the  mere  form  of  the  affection.  The  effects  of  complete  degeneration 
always  endure  for  some  months.  Regeneration  does  not  occur  until  the 
original  cause  has  ceased  to  act,  and  then  occupies  many  weeks  in  its 
progress  to  the  restoration  of  functional  competence.  In  all  forms 
pain  is  apt  to  linger  on,  and  in  the  last  third  of  life  it  may  continue 
for  years. 

Treatment. — The  first  consideration  in  the  treatment  of  neuritis  is 
the  removal  of  its  cause,  if  this  can  be  discovered.  A  wound  or  injury  or 
local  inflammation  adjacent  to  the  nerve  must  be  dealt  with  by  appro- 
priate measures.    Any  constitutional  cause,  such  as  gout,  must  be 
treated.    For  the  inflammation  of  the  nerve,  it  is  of  the  first  importance 
to  secure  to  the  part  as  perfect  rest  as  possible.    Movement  causes 
mechanical  irritation  of  the  nerve,  and  involves  functional  stimulation 
of  its  fibres,  both  of  which  are  injurious.    The  nerves  of  a  limb  run 
between  muscles,  and  the  contraction  of  these  muscles  causes  pressure 
on  the  inflamed  nerve,  and  irritates  it,  as  the  pain  thus  produced  suffi- 
ciently shows.    Pain  is  indeed  a  useful  indication  of  the  harmful  influ- 
ence of  movement,  and  all  movement  that  causes  pain  should  be  avoided. 
The  posture  of  the  limb  should  be  such  as  to  involve  no  pressure  on 
or  tension  of  the  nerve.    The  general  treatment  of  an  acute  neuritis 
must  be  that  suitable  for  any  acute  local  inflammation,  whatever  its 
seat, — an  unstimulating  diet,  an  aperient,  and  diuretics.  In  gouty  cases 
a  brisk  purgative  may,  with  advantage,  be  given.    GTeneral  diaphoresis 
is  useful  in  cases  that  are  due  to  cold,  and  in  others  local  sweating  is 
often  of  distinct  service.    The  limb  may  be  steamed,  or  exposed  to  hot 
air.    This  should  be  followed  by  hot  fomentations  applied  along  the 
course  of  the  affected  nerve,  and  these  by  linseed-meal  poultices. 
Leeches  may  also  be  employed  at  the  onset  of  severe  cases.    When  the 
inflammation  results  from  injury,  cold  may  be  applied  along  the  course 
of  the  nerve  instead  of  heat ;  both  probably  modify  the  vascular  dis- 
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turbance  of  inflammation  in  a  similar  manner.  Counter-irritation  may 
be  used  at  the  onset  of  slight  cases,  but  when  the  inflammation  is 
severe,  this  agent  is  more  effective  during  the  subsidence  of  the 
inflammation  than  during  its  active  stage.  Blisters,  repeated  mustard 
plasters,  or  stimulating  liniments  may  be  used,  but  care  must  be  taken 
not  to  blister  skin  that  is  ansesthetic,  or  troublesome  ulceration  may 
be  caused.  The  same  caution  is  necessary  in  regard  to  hot  applica- 
tions, as  is  shown  by  the  case  mentioned  on  p.  52. 

Spontaneous  pain  requires  sedatives,  of  which  the  hypodermic  injec- 
tion of  morphia  is  by  far  the  most  effective.  It  should  be  used  only 
for  spontaneous  pain,  and  not  to  enable  the  patient  to  use  the  limb  in 
a  way  that  would  produce  pain  if  morphia  were  not  given.  Mechanical 
irritation  may  be  equally  injurious,  although  the  pain  which  it  would 
cause  is  obviated  by  the  sedative.  An  injection  pf  cocain,  i — f  gr., 
also  often  relieves  the  pain.  In  the  rheumatic  form  salicylate  of  soda 
has  been  given,  but  is  of  doubtful  value.  Iodide  of  potassium  some- 
times seems  to  be  useful,  but  no  agent  has  so  distinct  an  influence 
on  the  process  of  inflammation  in  the  nerve  as  small  doses  of  mercury. 
A  grain  of  blue  pill  may  be  given  once  or  twice  a  day,  and  if  morphia 
has  to  be  injected  at  the  same  time,  the  mercury  is  useful  also  in 
correcting  the  constipating  influence  of  the  morphia. 

In  the  chronic  stage  or  form,  counter-irritation,  by  blisters  or  cautery, 
is  of  great  value.  So  also  is  electricity,  which  has  little  influence  during 
the  acute  stage.  The  voltaic  current  should  alone  be  used.  The  posi- 
tive electrode  may  be  placed  over  the  inflamed  part  of  the  nerve,  or  over 
the  seat  of  pain,  and  kept  there  for  ten  minutes  at  a  time,  the  strength 
of  current  being  slight,  such  as  the  patient  can  just  perceive.  In  very 
chronic  cases  a  stronger  current,  sufiicient  to  cause  actual  pain,  is  of 
service,  applied  in  a  similar  manner,  but  for  a  shorter  time.  It  has 
probably  chiefly  a  counter-irritant  influence.  Faradaism  may  be  used 
in  the  same  way.  All  painful  impressions  on  the  skin  lessen,  for  a 
time,  the  nerve  pain. 

The  muscles  supplied  by  the  inflamed  nerve  are  best  left  alone, 
unless  their  wasting  is  marked,  or  the  degenerative  reaction  shows 
serious  damage  to  the  motor  fibres.  In  cases  of  moderate  severity 
they  will  recover  when  the  nerve  recovers.  All  that  is  desirable  is 
that  they  should  be  gently  rubbed  once  or  twice  a  day.  If  the  wasting  is 
considerable,  however,  or  there  is  degenerative  reaction,  they  should  be 
stimulated  to  gentle  contraction  by  a  weak  interrupted  voltaic  current. 
They  should  on  no  account  be  faradised  during  the  active  stage  of  the 
affection,  even  if  they  act  to  faradaism.  The  acute  pain  that  the  faradaic 
stimulus  causes,  and  the  increased  tenderness  that  lasts  for  hours 
afterwards,  are  sufficient  evidence  of  its  injurious  effect. 

In  all  cases  attention  to  the  general  health  is  of  great  importance. 
Tonics  are  needed  during  the  chronic  stage.  Change  of  air  will  some- 
times remove,  in  a  few  weeks,  symptoms  that  have  previously  been 
stationary  for  months. 
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The  modifications  of  treatment  that  are  rendered  necessary  by 
the  position  of  the  neuritis  will  be  considered  when  we  come  to  speak 
of  the  affections  of  the  several  nerves.  The  pathological  varieties  of 
neuritis  only  need  special  treatment  in  so  far  as  they  depend  upon 
special  causes,  and  this  point,  as  already  mentioned,  must  always  be 
one  of  the  first  considerations. 

A  description  of  "multiple  neuritis,"  which  should  properly  be  con- 
sidered next,  will  be  better  understood  after  the  symptoms  of  the 
disease  of  special  nerves  have  been  described. 


MORBID  GROWTHS  IN  NERVES :  NEUROMA. 

The  term  "  neuroma  "  has  been  applied  indiscriminately  to  all  morbid 
growths  situated  on  the  peripheral  nerves.  The  discovery,  by  Virchow, 
that  many  of  these  consist  of  a  growth  of  nerve-fibres,  while  others 
consist  of  heterologous  tissue  such  as  constitutes  morbid  growths  else- 
where, has  led  to  the  distinction  of  the  former  as  "true  neuromata  " 
and  the  latter  as  "  false  neuromata,"  or  "  pseudo-neuromata,"  and 
even  to  the  limitation  of  the  term  "  neuroma  "  to  a  growth  of  nerve- 
tissue,  whether  in  the  central  or  peripheral  nervous  system,  the 
heterologous  growths  being  called  by  the  names  they  bear  in  other 
situations,  as  "  fibroma,"  "  sarcoma,"  &c.  The  latter  system  of 
nomenclature,  although  certainly  more  consistent,  has  not  become  cur- 
rent in  this  country. 

The  true  neuromata  may  consist  of  medullated  or  of  non-medullated 
nerve-fibres,  termed  "  myelinic  "  and  "  amyelinic  "  forms  by  Virchow. 
The  latter  were  for  a  long  time  regarded  as  fibrous.  The  occurrence 
of  ganglion-cells  has  been  proved  in  only  one  or  two  instances.  There 
is  connective  tissue  between  the  nerve-fibres,  which  varies  in  amount 
and  in  character,  and  hence  the  firmness  of  these  tumours  also  varies. 
This  interstitial  tissue  may  be  so  abundant  as  to  constitute  an  inter- 
mediate form  between  the  true  and  false  varieties.  This  is  probably 
the  condition  in  most  cases  of  multiple  neuroma.  The  "  false  neuro- 
mata" may  be  of  various  nature,  but  fibrous  growths,  fibromata, 
are  far  more  common  than  any  other  kind.  Myxoma  occasionally 
occurs,  the  new  mucoid  tissue  growing  from  the  nerve-sheath.  G-lioma 
is  very  rare  on  the  peripheral  nerves,  although  occasionally  found  on 
the  auditory  nerve.  Vai'ious  forms  of  sarcoma  have  been  met  with. 
Carcinoma  also  occurs,  very  rarely  as  an  isolated  growth,  but  not 
uncommonly  as  a  more  or  less  diffused  or  nodular  infiltration  of  the 
nerve,  arising  by  extension  from  a  contiguous  growth.  Syphilitic 
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growths  are  common  on  the  cranial  nerves  within  the  slrull,  but  are 
rare  elsewhei*e.  In  lepra  aua3sthetica  the  nerves  are  infiltrated  with 
fibrous  tissue,  enlarging  them  to  many  times  their  normal  size.  The 
enlargement  is  rarely  nodular,  and  is  perhaps  rather  a  chronic  cirrhotic 
inflammation  than  a  growth.    (See  Multiple  neuritis.) 

A  curious  variety  of  neuroma,  consisting  of  interlacing  cords,  more 
or  less  nodular  and  tortuous,  is  termed  plexiform  neuroma.  About 
twenty  cases  have  been  recorded.  The  disease  commonly  begins  in 
foetal  life,  and  is  most  common  on  some  branch  of  the  fifth  nerve  in 
the  orbit  or  the  upper  eyelid,  but  has  been  met  with  over  the  temj)oral 
bone,  in  the  lumbar,  cervical,  brachial,  and  solar  plexuses,  on  the  penis 
and  the  mamma.  It  may  be  quite  superficial  or  deeply  seated.  The 
cords,  from  1  mm. 
to  several  centime- 
tres in  diameter,  con- 
sist of  a  clear  outer 
zone  of  concentric 
fibrillar  connective 
tissue,  of  inner  looser 
nucleated  tissue,  and, 
in  the  middle,  a 
bundle  of  nerve- 
fibres,  some  normal, 
others  degenerating. 
The  cords  are  con- 
nected together  by 
loose  tissue,  sometimes  myxomatous,  separated  from  the  proper  tissue 
of  the  cords  by  an  epitheliated  space.  The  growth  of  this  form  is 
extremely  slow,  but  it  may  exert  compression  on  adjacent  structures.* 
A  remarkable  case  of  extensive  myxomatous  disease  of  the  nerves  of 
the  forearm,  congenital  in  origin,  presenting  analogies  to  plexiform 
neuroma,  is  recorded  by  Mr.  De  Morgan. f 

The  subcutaneous  extremities  of  sensory  nerves  are  sometimes 
enlarged  into  minute  tumours  which, 
when  painful,  have  been  termed  "  tu- 
bercula  dolorosa."  Neuromata  in  the 
skin  may  co-exist  with  similar  tumours 
on  the  nerve-trunks.  Those  shoAvn  in 
Fig.  41  are  from  the  same  case  as  the 
tumours  represented  in  Figs.  42 — 44. 

The  size  attained  by  growths  on 
nerves  varies  from  that  of  a  child's 
head  to  a  nodule  only  just  visible. 
They  rarely  exceed  the  dimensions 
of  the  closed  fist.    The  variation 

*  MarchiincI,  'Virchow's  Archiv,'  Bd.  76,  p.  36. 
t  '  Path.  Trans.,'  vol.  xxvi,  p.  2. 


Fig.  40. — Plexiform  neuroma  from  the  orbit  (after  Mar- 
chand).  The  connective  tissue  surrounding  the  cords 
has  been  removed  except  at  a,  and  irregular,  cylindrical, 
nodular  cords  are  seen  anastomosing.  A  nerve  passes 
into  the  tumour  and  suddenly  becomes  enlarged. 


Fig-.  41. — Cutaneous  neuromata  from 
skin  of  abdomen.    (After  Smith.) 
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Fig.  42. 


Fig.  43. 


Fig.  44. 


Fig,  45. 


Fig.  42. — Right  elbow  of  a  man,  set.  30,  with  multiple  neuromata ;  those  on  the 
nerves  of  the  arm  are  visible  beneath  the  skin  as  moniliform  series  of  swellings 
along  the  course  of  the  nerves.    (After  Smith.) 
'    Fig.  43. — Part  of  the  brachial  plexus  and  nerves  of  the  arm. 

Fig.  44. — Neuroma  of  the  posterior  tibial  nerve,  same  case.  The  tumour  was  the 
size  of  a  lemon,  and  could  be  felt  iu  the  popliteal  space.  The  flattened  bundles  of 
fibres  of  the  nerve  were  sepaiated  and  passed  over  the  surface  of  the  tumour.  The 
portion  of  nerve  to  the  right  is  a  piece  of  the  external  popliteal.  The  tumours  caused 
no  interference  with  function.  The  patient  died  of  enteric  fever.  One  large  tumour 
filled  the  pelvis. 

Fig.  45. — Small  neuroma  of  popliteal  nerve  laid  open.  It  is  seen  to  lie  within  the 
sheath.    It  caused  no  symptoms  during  life.    (After  Smith.) 


in  size  of  multiple  neuromata  is  illustrated  in  Figs.  42 — 44,  after 
Smith.*  The  large  tumour  (Fig.  42)  was  the  size  of  a  lemon,  but  in 
the  same  case  a  growth  from  the  sciatic  plexus  almost  filled  the  pelvis. 
They  may  occur  on  any  nerve  in  the  body,  whether  cerebro-spinal  or 
sympathetic.  False  neuromata  are  generally  single.  When  true 
neuromata  are  "multiple"  they  are  often  extremely  numerous,  and 
almost  every  nerve  in  the  body  may  be  transformed  into  a  chain  of 
growths.  In  the  case  figured  more  than  200  were  counted  in  the 
right  arm  alone,  and  the  total  number  of  growths  in  the  body  cannot 
have  been  less  than  1000. 

The  tumours  are  almost  always  within  the  sheath  of  the  nerve  (Fig. 
45).  Sometimes  they  are  on  one  side,  and  the  nerve  may  pass  by 
unchanged.  More  often  the  substance  of  the  nerve  is  involved,  and 
the  fibres  may  be  separated  and  spread  out  on  the  surface  (Fig.  44), 
Even  then  they  may  not  be  damaged.  They  suffer  far  more  in  hetero- 
logous growths  than  in  true  neuromata. 

Causes. — The  causes  of  neuroma  are  generally  obscure.  Multiple 
neuromata  are  sometimes  hereditary  and  are  probably  due,  in  most 
cases,  to  a  congenital  tendency  of  tissue  growth.  They  are  said 
to  be'  sometimes  the  result  of  general  neurotic  predisposition,  and 
evidence  of  this  is  found  in  the  occasional  occurrence  of  neuromata  in 
*  R.  W.  Smith,  '  Treatise  on  Neuroma,'  1849. 


CAUSES 


63 


the  subjects  of  cretinism  or  iodicy,  of  which  some  remarkable  examples 
have  been  recorded.  Multiple  neuromata  are  said  to  be  almost  confined 
to  men.  The  isolated  form  is  not  uncommon  in  women.  They  may  occur 
at  any  age.  Virchow  believes  that  they  are  unusually  common  in  the 
phthisical  and  scrofulous. 

Of  traceable  immediate  causes  the  most  frequent  is  traumatic 
injury.  Pressxire,  punctured  wounds,  or  division  of  the  nerves  may 
give  rise  to  them,  apparently  by  a  perversion  in  the  process  by  which 
cicatrisation  takes  place.  A  well-known  instance  is  the  formation  of 
the  so-called  "amputation-neuromata,"  or  "bulbous  nerves,"  round 
or  oval  growths,  the  size  of  a  bean  or  larger,  which  form  on  the 
divided  extremities  of  the  nerves  in  the  stump  left  after  an  amputa- 
tion. It  has  been  supposed  that  neuromata  may  arise  from  a  local 
neuritis,  but  this  is  doubtful. 

The  occurrence  of  new  growths  containing  nerve-fibres  may  seem  to 
be  veiy  remarkable.  We  must  remember,  however,  how  frequently 
they  are  connected  with  traumatic  causes,  i.  e.  take  origin  in  cicatricial 
processes.  In  such  processes  the  nerve-fibres  present  a  remarkable 
power  of  growth.  Eanvier  has  shown  that  from  the  end  of  each  old 
fibre  several  new  fibres  grow,  only  one  of  which  probably  ultimately 
persists.  Under  apparently  mechanical  influences  some  of  these  fibres 
may  twist  about  and  even  turn  and  grow  upwards.  It  is  thus  not 
difficult  to  understand  that  a  true  neuroma  may  result  froni  injury  to 
a  nerve ;  it  is  even  surprising  that  this  is  not  a  more  frequent  result. 

Almost  any  one  of  the  cranial  or  spinal  nerves  may  be  the  seat  of  a 
neuroma.    They  have  been  occasionally  met  with  on  the  sympathetic. 

Symptoms. — These  may  be  entirely  absent,  especially  in  the  case  of 
multiple  (true)  neuromata,  which  are  sometimes  discovered  post 
mortem,  when  their  existence  has  not  been  suspected.  The  most 
frequent  symptom  is  pain  referred  to  the  distribution  of  the  nerve, 
often  acute,  burning,  or  darting,  and  frequently  intermittent.  It  may 
be  increased  by  pressure  on  the  tumour.  In  the  case  of  the  terminal 
neuromata  (tubercula  dolorosa,  bulbous  nerves)  pain  may  be  the  only 
sensory  symptom.  When  the  nerve-fibres  suffer,  parsesthesiEe,  numb- 
ness or  formication,  may  be  complained  of,  and  ultimately  sensation 
may  be  lessened  or  lost.  Paralysis  of  the  muscles  supplied  by  the  nerve 
is  occasionally  met  with,  the  region  paralysed  corresponding  to  the  dis- 
tribution of  the  nerve  on  which  the  tumour  is  situated,  except  in  the 
case  of  neuromata  in  the  cauda  equina,  where  the  nerves  may  suffer 
from  pressure,  and  paraplegia  may  result.  In  all  cases  the  distribu- 
tion of  the  symptoms  depends  necessarily  on  the  nerve  affected.  A 
neuroma  of  the  pneumogastric  may  cause  grave  cardiac  disturbance. 

More  common  motor  symptoms  are  reflex  spasms  in  adjacent  or  even 
distant  muscles.  For  instance,  in  a  case  of  "  bulbous  nerves  "  in  the 
stump  after  amputation  at  the  shoulder- joint,  the  muscles  on  that 
side  of  the  neck  were  in  constant  clonic  spasm.  Occasionally  epilepti- 
form convulsions  are  produced,  and  have  been  known  to  cease  when  a 
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painful  neuroma  Lad  been  excised.  The  occurrence  of  these  symptoms 
has  little  relation  to  the  size  of  the  tumour. 

When  the  neuromata  are  in  accessible  situations  they  may  be  felt. 
Sometimes  they  give  rise  to  visible  tumours,  and  in  multiple  neuroma 
the  course  of  the  superficial  nerves  may  be  marked  out  by  lines  of 
bead-like  swellings,  as  in  Fig.  42.  The  cutaneous  neuromata  also 
cause  visible  swellings.  The  whole  abdomen  was  covered  with  such 
nodules  in  the  case  recorded  by  Smith  (Fig.  41) .  They  are  commonly 
not  sensitive,  although  pre-existing  pain  may  be  increased  by  pressure. 
Pressure  on  the  nerve  above  the  tumour  commonly  lessens  the  pain. 

Plexiform  neuroma  rarely  causes  other  symptoms  than  the  signs 
manifesting  its  local  presence.  The  functions  of  the  nerve-fibres 
involved  are  not  usually  interfered  with.  Once  or  twice  anaesthesia 
of  the  skin  has  been  observed. 

Course. — The  growth  of  neuromata  varies  greatly  in  rapidity. 
When  symptoms  occur  they  most  commonly  last  for  a  long  time, 
increasing  in  severity,  and  from  the  long- continued  pain  the  patient 
may  ultimately  be  worn  out.  In  other  cases  the  symptoms  show 
little  tendency  to  increase,  and  in  rare  instances  they  may  lessen  in 
severity  and  even  disappear. 

Diagnosis. — The  recognition  of  the  existence  of  a  neuroma  depends 
on  its  superficial  position,  or  on  the  production  of  symptoms  of  damage 
to  the  nerve.  The  latter,  when  existing  alone,  are  equivocal,  since  they 
may  be  due  to  pressure  on  the  nerve  from  an  adjacent  growth,  or  even 
to  neuritis.  The  disease  may  be  suspected  if  symptoms — pain,  numb- 
ness, weakness — occur,  limited  to  the  distribution  of  a  nerve-trunk, 
and  no  cause  of  external  pressure  can  be  discovered,  and  the  long 
course  of  the  symptoms  makes  it  unlikely  that  they  are  due  to 
neuritis.  The  diagnosis  can,  however,  only  be  certainly  made  when 
the  tumour  can  be  felt. 

The  diagnosis  of  the  kind  of  neuroma,  whether  "  true  "  or  "  false," 
i.  e.  composed  of  nerve-fibres  or  other  tissue,  is  very  difficult.  Multiple 
neuromata  are  usually  true,  and  of  very  slow  growth ;  false  neuromata 
are  rarely  multiple  unless  they  are  of  infecting  nature  and  rapid  in 
development.  The  existence  of  idiocy,  or  other  neuropathic  indication, 
is  in  favour  of  the  neural  nature  of  the  tumours.  The  lateral  position 
of  the  growth  on  the  nerve  is  in  favour  of  its  "  false  "  character. 
The  diagnosis  of  plexiform  neuroma  is  only  possible  when  the  tortuous 
nodular  cords  can  be  felt. 

Prognosis.—  This  depends  on  the  existence  of  symptoms.  If  these 
are  absent,  unless  the  tumour  is  of  rapid  growth,  there  is  good  reason 
to  hope  that  they  will  not  occur.  In  multiple  (true)  neuromata  the 
prognosis  is  better  than  in  isolated  growths.  If  symptoms  are  present 
the  prognosis  is  less  favorable,  and  depends  on  the  tendency  which 
they  exhibit  to  increase. 

Treatment. — Medicines  are  useless  except  in  the  syphilitic  forms  of 
nerve-tumour.     Extirpation  is  the  only  remedy.    If  the  tumour  is 
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lateral,  and  can  be  shelled  out,  the  removal  entails  little  risk.  If, 
however,  the  growth  infiltrates  the  substance  of  the  nerve,  the  affected 
part  must  be  excised,  and  the  ends  brought  together.  The  risk  of 
permanent  loss  of  function  in  the  nerve  is  of  course  great,  and  in 
deciding  on  such  an  operation,  the  urgency  of  the  symptoms,  and  the 
importance  of  the  function  of  the  nerve,  must  be  taken  into  considera- 
tion. After  extirpation,  the  tendency  of  cicatricial  processes  in  nerves 
to  go  on  to  the  formation  of  neuromata  (seen  in  bulbous  nerves) 
renders  the  chance  of  relapse  considerable.  Electrolysis  or  caustics 
are  inadmissible.  When  neuromata  are  multiple,  surgical  treatment 
is  out  of  the  question.  For  pain,  sedatives  must  be  employed.  In 
the  case  of  terminal  neuromata,  whether  the  cutaneous  "  tubercula 
dolorosa  "  or  the  amputation  neuromata,  excision  is  practicable  and 
unattended  with  the  risks  attending  interference  with  a  nerve  in  its 
continuity.  Ifc  is  also  usually  successful.  In  amputation  flaps, 
however,  the  chance  of  a  relapse  is  considerable. 

In  plexiform  neuroma,  excision  is  undesirable,  and  no  other  treat- 
ment is  of  any  use. 


DISEASES  OF  SPECIAL  NERVES. 

The  diseases  of  the  cranial  nerves  may  be  most  conveniently 
considered  in  connection  with  the  diseases  of  the  brain.  Here, 
therefore,  only  the  affections  of  the  spinal  nerves  will  be  described,' 
in  so  far  as  they  present  special  features.  The  effect  of  paralysis 
of  the  individual  muscles  has  been  already  described  in  detail,  and 
need  not  be  here  repeated,  except  in  general  terms,  or  in  so  far  as 
the  association  of  palsies  resulting  from  a  nerve-lesion  presents  a 
particular  character. 

Phrenic  ]S"eeve.— Impaired  function  of  the  phrenic  nerve  is 
commonly  the  result  of  disease  of  the  spinal  cord.  The  roots  of  the 
nerve  may,  however,  be  damaged  by  disease  of  the  bones  of  the  spine, 
ihe  deep  position  of  the  nerve-trunk  protects  it  from  injury,  but  it  is 
occasionally  damaged  in  wounds  of  the  neck,  and  in  its  course  through 
the  thorax  it  may  be  compressed  by  tumours,  aneurisms,  &c.  Para- 
lysis sometimes  follows  exposure  to  cold,  and  is  ascribed  to  neuritis, 
it  has  been  met  with  in  lead-poisoning  (Duchenne) .  In  disease  of  the 
cord  and  bones,  both  nerves  are  usually  paralysed;  other  causes  com- 
monly affect  one  only.  The  effect  and  symptom  of  paralysis  is 
inaction  of  the  diaphragm  (see  p.  22) .  If  one  nerve  only  is  affected,  the 
diaphragm  does  not  descend  on  that  side,  but  the  movement  of  the 
other  side  lessens  the  resulting  defect  of  movement,  which  can  then  be 
detected  only  by  close  observation.    The  loss  of  the  action  of  the 
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diapliragm  has  little  effect  on  the  respiratory  functions  while  the 
patient  is  at  rest,  but  dyspnoea  is  readily  produced  by  exertion ;  the 
breathing  then  becomes  quick  and  the  voice  feeble.    Any  lung  disease, 
such  as  an  attack  of  bronchitis,  is  rendered  far  more  serious  by  the 
diminished  breathing  power.    When  the  diaphragm  is  paralysed,  the 
movement  of  the  thorax  is  often  increased,  and  the  expansion  of  the 
lower  part  may  draw  forwards  the  adjacent  abdominal  wall.  This 
must  not  be  mistaken  for  the  effect  of  the  descent  of  the  diaphragm. 
Paralysis  has  to  be  distinguished  from  (1)  abnormal  nervous  breathing. 
The  diaphragm  is  used  little  in  extraordinary  breathing,  which  is  chiefly 
by  the  upper  part  of  the  thorax,  of  the  "  superior  costal  type"  as  it  is 
called.    Hysterical  and  nervous  patients  will  often  breathe,  for  a  time, 
only  in  this  manner,  even  when  at  perfect  rest,  especially  when  they 
are  under  observation.    Such  breathing  is  no  doubt  facilitated  in 
women  by  the  fact  that  the' diaphragm  is  habitually  used  by  them  less 
than  by  men.    Eepeated  examination  may  be  necessary  to  determine 
whether  there  is  any  real  paralysis  of  the  diaphragm  in  these  cases. 
A  single  diaphragmatic  inspiration  settles  the  point.    The  patient's 
attention  should  be  distracted,  and  she  shonld  not  be  aware  of  the 
object  of  the  examination.    (2)  Inflammation  of  the  diaphragm  may 
arrest  its  movement,  but  is  distinguished  by  the  fact  that  it  is  usuaUy 
secondary  to  adjacent  inflammation,  commonly  of  the  peritoneum  or 
the  pleura.    Characteristic  pain,  due  to  the  inflammation  of  the  serous 
membrane,  is  commonly  present.    (3)  A  primary  and  isolated  degene- 
ration of  the  muscular  fibres  of  the  diaphragm  has  been  described  by 
Callender  and  others  as  common  after  death,  but  it  has  not  yet  been 
proved  to  cause  such  inaction  during  life  as  might  be  confounded  with 
paralysis.    The  distinction  of  paralysis,  due  to  disease  of  the  nerve- 
trunk,  from  disease  of  the  spinal  cord,  depends  on  the  fact  that  in  the 
latter  case  other  muscles  always  suffer  ;  in  the  former  the  diaphragm 
usually  suffers  alone.    In  disease  of  the  nerve-roots  there  are  other 
indications  of  the  position  of  the  disease.  •,     i .  . 

If  there  is  reason  to  suspect  neuritis,  counter-irritation  should  be 
applied  over  the  lower  and  inner  part  of  the  anterior  triangle  of  the 
Beck  The  only  other  special  point  in  treatment  is  the  application  of 
electricity.  The  nerve  may  be  stimulated  by  pressing  the  rheophore 
deeply  outside  the  lower  part  of  the  clavicular  portion  of  the  sterno- 
mastoid.  The  other  pole  may  be  placed  at  the  epigastrium  or  over  the 
corresponding  half  of  the  diaphragm.  But  the  influence  of  electricity 
on  paralysis  of  the  diaphragm  is  not  great. 

Neeves  of  the  Upper  Limb. 
The  nerves  of  the  arm  and  shoulder  are  derived  from  the  five  lower 
cervical  and  the  first  dorsal  nerves.    These  interlace  m  the  brachial 
plexus  in  such  a  complex  manner  that  most  of  the  nerves  of  the  arm 
are  derived  from  majay  spinal  roots. 
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The  nerve-voots  form,  by  their  union,  three  trunks,  which  we  may  indicate  by 
Roman  numerals.    Tliey  are  formed  thus  : — I,  by  the  branch  from  the  fourth,  and 
the  roots  of  the  fifth  and  sixth  cervical ;  II,  by  the  seventh  ;  and  III,  by  the  eighth 
cervical  and  the  first  dorsal.    Each  trunk  divides  into  two  parts,  and  the  union  of 
these  divisions  forms  the  three  cords  of  the  brachial  plexus  from  which  the  nerves 
of  the  arm  proceed.    But  before  the  primary  trunks  divide,  certain  nerves  arise, 
the  origin  of  which  is  thus  less  doubtful.    The  fifth  and  sixth  cervical  roots  give 
origin  directly  to  the  posterior  thoracic  nerve  for  the  serratus,  and  from  the  cord 
formed  by  their  union  springs  tlie  suj^rascapular  nerve.    The  three  cords  of  the 
plexus  have  the  following  relations  : — The  posterior  is  derived  from  all  three 
priinary  trunks  and  gives  rise  to  the  subscapular  nerve,  the  circumflex,  and  the 
musculo-spiral  (or  radial,  as  the  whole  nerve  is  sometimes  termed).    The  upper 
or  outer  cord  is  derived  from  the  two  upper  primary  trunks,  i.  e.  from  the  fourth, 
fifth,  sixth,  and  seventh  cervical  roots,  and  from  it  proceed  one  anterior  thoracic 
and  the  musculo-cutaneous  nerves,  together  with  the  outer  head  of  the  median 
The  inner  or  lower  cord  is  derived  only  from  the  lowest  primary  trunk  i  e 
from  the  last  cervical  and  first  dorsal,  and  gives  rise  to  the  ulnar,  the  inner 
head  of  the  median,  the  internal  cutaneous,  the  intercosto-humeral,  and  to  the 
second  anterior  thoracic  nerves.    It  may  be  convenient  to  put  these  coarse 
anatomical  relations  in  the  form  of  a  table. 


Nerves. 


Primary  Trunks. 


Subscapular  . 

Circumflex 

Musculo-spiral 


1 


Post. 

cord 


I. 

4,  5,  and  6  C. 


Nerves. 


Upper 
cord 


in. 


{External  ant.  thoracic. 
Musculo-cutaneous. 
Outer  head  of  •\ 

f  median. 


Lower 
cord 


II. 

6  and  7  C.  , 

^Inner  head  of  ■ 
Ulnar. 

Internal  cutaneous. 
Intercosto-humeral. 
^Internal  ant.  thoracic. 
These  anatomical  facts,  however,  give  us  little  help  in  tracing  the  relation  of 
the  nerves  to  the  spinal  roots.  The  investigations  of  Terrier  and  Yeo,*  who 
ascei-tained  the  movements  produced  by  faradising  the  several  spinal  roots  in  the 
monkey,  show  us  the  way  in  which  the  movements,  muscles,  and  nerves  are 
represented  in  the  spinal  roots.  Their  results  are  therefore  of  great  interest, 
although  we  are  not  justified  in  transferring  the  facts  to  man  except  in  so  far 
as  they  receive  confirmation  from  human  anatomy  and  pathology.f  Subject  to 
this  reservation,  the  chief  results  are  important  and  may  be  thus  stated.J 

The  roots  to  which  the  several  nerves  are  thus  traced  are  as  follows :  Sub- 
scapular, 6  and  7  C. ;  circumflex,  4  and  5  C.  ;  musculo-spiral,  4,  5,  6,  7.  8  C  • 
musculo-cutaneous,  4,  5  C. ;  median,  5,  6,  7,  8  C. ;  ulnar,  8  C,  1  D. 

Still  more  important  are  their  observations  on  the  relation  of  various  move- 
ments of  the  arm  to  the  nerve-roots,  and  these  are  as  follows  :— 
*  '  Proc.  Roy.  See.,'  March  21,  1881. 

t  In  the  case  of  the  leg  there  are  some  important  discrepancies  between  the 
results  in  the  ape  and  the  conditions  that  obtain  in  man.  These  will  be  noticed  in 
their  proper  place. 

:  Ferrier  has  since  stated  that  the  relations  he  gave  (followed  in  the  text)  were  all 
one  nerve  too  high  ('  Proc.  Roy.  Soc.,'  1883,  vol.  xxxv,  p.  229),  but  this  would  make 
the  innervation  of  the  intrinsic  muscles  of  the  hand  from  the  second  dorsal  nerve 
which  IS  certainly  not  the  case  in  man.  ' 
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Cervical  4.— Elevation  and  retraction  o£  the  arm,  flexion  and  supination  of 
the  forearm  ;  by  the  rhomboids,  supra-  and  infra-  spinatus,  biceps,  brachialis  and 
supinators. 

Cervical  5.— Similar  to  the  last,  but  without  retraction  of  the  arm,  and  with 
extension  of  the  wrist  and  hrst  phalanges  ;  by  the  deltoid,  serratus,  flexors  of 
elbow,  extensors  of  wrist,  and  long  extensors  of  fingers. 

Cervical  6.— Adduction  and  retraction  of  the  upper  arm,  extension  and  prona- 
tion of  the  forearm,  flexion  of  the  wrist ;  by  contraction  of  the  pectoralis, 
latissimus  dorsi,  triceps,  flexors  of  wrist,  pronators. 

Cervical  7,— Adduction  and  rotation  inwards  at  the  shoulder-joint,  flexion  of 
the  wrist,  and  of  the  fingers  at  the  second  phalanx ;  by  the  teres  major, 
latissimus  dorsi,  subscapularis,  triceps,  and  long  flexors  of  tlie  fingers. 

Cervical  8.— riexion  of  fingers  and  thumb  so  as  to  close  the  fist ;  flexion  of 
wrist  towards  the  ulnar  side,  pronation  of  forearm,  extension  of  elbow  ;  by  the 
intrinsic  muscles  of  the  hand,  the  long  flexors  of  the  fingers  and  thumb,  the 
flexors  of  the  wrist,  and  the  triceps. 

Dorsal  1.— Adduction  of  the  thumb,  flexion  of  the  fingers  at  the  metacarpo- 
phalangeal joints  ;  by  the  interossei,  &c. 

Thus  most  movements  are  related  to  many  spinal  roots.  The  most  important 
relations  are  these :  that  of  the  deltoid,  rhomboids,  supra-  and  infi-a-  spinatus, 
flexors  of  the  elbow,  and  supinators,  to  the  fourth  and  fifth  cervical ;  that  of  the 
adductors  of  the  arm  and  extensors  of  the  eibow  to  the  sixth  and  seventh  nerves  ; 
pronation  to  the  sixth  and  eighth  ;  extension  of  the  wrist  to  the  fifth  ;  flexion 
to  the  eighth  ;  extension  of  the  first  phalanx  to  the  fifth  ;  flexion  of  the  fingers  to 
the  seventh  and  eighth,  and  the  action  of  the  intrinsic  muscles  of  the  hand  to  the 
first  dorsal.  These  facts  will  probably,  in  the  future,  find  important  practical 
applications. 

Paralysis  of  the  nerves  of  tlie  upper  limb  may  1)6  due  to  disease  of 
the  nerve-roots,  of  the  plexus,  or  of  the  trunks  that  arise  from  these. 
It  is  convenient  to  consider,  first,  the  diseases  of  the  nerve-truiLks, 
and  afterwards  those  of  the  nerve-roots,  and  of  the  plexus.  From 
the  roots  themselves  only  one  important  nerve-trunk  is  derived :  the 
posterior  thoracic  nerve.    The  others  spring  from  the  plexus. 

The  morbid  influences  that  affect  the  nerves  of  the  arm  are  very 
varied.    The  brachial  plexus  passes  close  to  the  shoulder-joint,  and 
hence  dislocation  often  damages  the  nerves,  sometimes  one  only,  some- 
times several,  and  occasionally  all  the  trunks.    In  fractures  of  the 
bones,  the  deeper  nerves  adjacent  may  be  torn  at  the  time  of  fracture, 
or  may  be  afterwards  compressed  by  the  callus  that  is  formed,  or  by 
bandages  that  are  applied.    The  course  of  certain  nerves  is,  in  some 
parts  of  the  arm,  especially  apt  to  be  the  seat  of  wounds  of  various 
kinds,  while  that  of  others  exposes  them  to  pressure  against  the 
unyielding  bone.   Even  slight  pressure  on  these  nerves  is  effective  when 
prolonged,  as  it  often  is  when  warning  sensations  are  unperceived  in 
consequence  of  sleep.    Hence,  there  is  a  group  of  "  sleep-palsies"  of 
the  arm,  chiefly  of  the  musculo- spiral  and  median  nerves. 

Primary  neuritis  may  involve  any  nerve,  or  the  brachial  plexus  itself, 
but  is  not  common.  Secondary  neuritis,  set  up  by  injury  or  by 
adjacent  inflammation,  is  less  rarej  it  sometimes  extends  upwards, 
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and,  reaching  the  plexus,  may  spread  to  other  nerves.  Neuromata 
occasionally  cause  paralysis,  but  are  also  uncommon.  Various  morbid 
processes  near  the  spine  and  in  the  neck  may  cause  symptoms  in  the 
arms  by  involving  the  nerve-roots  that  enter  the  plexus. 

Posterior  TJioracic  Nerve — Nerve  to  the  Serratus. — In  consequence 
of  its  position  and  long  course,  the  nerve  to  the  serratus  often  suffers. 
After  being  formed  in  the  substance  of  the  scalenus  medius  muscle, 
by  the  union  of  branches  of  the  fifth  and  sixth  cervical  nerves,  it  passes 
behind  the  brachial  plexus  and  along  the  side  of  the  chest  to  the 
lower  border  of  its  muscle.  It  is  in  the  neck  that  the  nerve  is  most 
often  injured.  It  may  be  damaged  there  by  direct  pressure— as  in 
carrying  on  the  shoulder  a  heavy  sharp-cornered  object— or  by  severe 
muscular  efforts,  such  as  carrying  a  weight  that  does  not  press  into 
the  neck,  wielding  a  heavy  hammer,  or  long-continued  exertion  with 
the  raised  arm,  as,  for  instance,  in  whitewashing  a  ceiling.  In  such 
cases  it  is  not  improbable  that  the  nerve  is  damaged  by  the  forcible 
or  prolonged  contraction  of  the  muscle  through  which  it  passes. 
Falls  and  blows  on  the  neck  and  shoulder  are  occasional  causes; 
there  is  usually  much  bruising  of  the  adjacent  parts.  Punctured  and 
gunshot  wounds  also  occasionally  involve  the  nerve.  The  least  fre- 
quent cause  is  exposure  to  cold,  such  as  a  draught  on  the  neck,  or 
sleeping  on  damp  earth.  I  have  once  known  it  to  follow  parturition, 
developing  four  days  afterwards,  doubtless  from  neuritis  excited  either 
by  the  muscular  exertion,  or  by  exposure  to  cold.  The  serratus  suffers 
also  in  central  disease,  chiefly  in  progressive  muscular  atrophy  and 
infantile  paralysis  ;  but  in  these  it  is  always  associated  with  palsy  of 
other  muscles.  Isolated  paralysis  of  the  serratus  is  nine  times  as 
frequent  in  men  as  in  women.  It  occurs  chiefly  in  muscular  workers, 
and  during  the  active  period  of  life,  twenty-five  to  forty.  The  imme- 
diate causes  sufficiently  explain  this  relation  to  age  and  sex,  and  they 
also  account  for  another  fact— that  it  is  far  more  frequent  on  the  right 
side  than  on  the  left.  It  is  sometimes  bilateral,  but  the  two  nerves 
are  never  damaged  at  the  same  time.  One  man  was  affected  on  the 
right  side  after  carrying  heavy  beams  on  the  shoulder ;  he  then  carried 
them  on  the  left  shoulder,  and  the  left  serratus  became  paralysed. 

Severe  neuralgic  pains  in  the  neck  and  about  the  shoulder  commonly 
precede  and  accompany  the  onset  of  the  affection.  The  symptoms  of 
the  paralysis  of  the  serratus  have  been  already  described  (p.  24).  It 
is  readily  recognised  by  the  recession  of  the  posterior  edge  of  the 
scapula  from  the  thorax  when  the  arm  is  put  forwards  (Fig  8  p  25) 
In  severe  cases  the  muscle  is  found  to  have  lost  faradaic  irritability^ 
although  It  may  still  contract  to  the  voltaic  current.  The  course  of  a 
severe  case  is  always  tedious.  Months  may  pass  before  improvement 
18  manifested,  and  the  paralysis  is  sometimes  permanent.  In  treat- 
ment it  IS  desirable  to  maintain  the  nutrition  of  the  muscle,  as  far  as 
possible,  by  electrical  stimulation,  and  its  superficial  situation  renders 
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this  easy.  If  counter-irritation  is  desirable,  it  should  be  applied  over 
the  position  of  the  scalenus,  since  the  lesion  of  the  nerve  is  commonly 
at  this  j)lace.  Severe  exertion  with  the  arm  should  be  avoided ;  an 
influence  capable  of  inducing  the  palsy  must  seriously  interfere  with 
the  recovery  of  an  injured  nerve.  When  practicable  it  is  desirable 
that  the  elbow  should  be  carried  in  a  sling,  and  this  should  be  of 
such  a  length  as  slightly  to  raise  the  shoulder. 

The  Suprascapular  nerve  arises  from  the  trunk  formed  by  the 
union  of  the  sixth,  fifth,  and  a  branch  of  the  fourth  cervical  nerves, 
but  its  fibres  come  from  the  fifth  and  partly  from  the  fourth.  It  is 
not  often  damaged  alone,  but  is  sometimes  injured  in  dislocation  of 
the  humerus,  and  by  falls  on  the  shoulder,  usually  together  with  the 
circumflex.  In  some  of  these  cases  the  injury  may  be  to  the  upper 
part  of  the  plexus  (see  "  Combined  Palsies  ").  The  result  of  disease 
of  this  nerve  is  palsy  of  the  supra-  and  infra-  spinatus  (p.  26) .  The 
latter  is  the  more  important,  and  causes  a  loss  of  the  rotation 
outwards  of  the  humerus,  interfering  with  many  movements,  and, 
among  others,  with  the  movement  of  the  pen  along  the  line  in  writing. 
Undue  work  is  thrown  on  the  deltoid,  which  becomes  fatigued  in 
many  actions,  such  as  sewing  (Duchenne).  The  paralysis  of  the 
supraspinatus  is  unimportant  unless  there  is  also  palsy  of  the  deltoid. 
It  can,  in  very  slight  degree,  supplement  the  deltoid,  and  if  paralysed 
with  the  deltoid  the  head  of  the  humerus  falls  more  than  it  does  when 
the  deltoid  is  paralysed  alone. 

The  Circumflex  nerve,  although  arising  from  the  posterior  cord  of 
the  plexus,  seems  to  derive  its  fibres  from  the  same  source  as  the 
suprascapular,  the  fourth  and  fifth  cervical  nerves.  It  supplies  the 
deltoid  and  teres  minor,  and  the  skin  over  the  deltoid.  The  course 
of  the  nerve  renders  it  very  liable  to  injury  from  dislocations  and  falls 
on  the  shoulder,  and  from  the  pressure  of  a  crutch.  Simple  neuritis 
and  so-called  "rheumatic  palsy"  are  rare,  but  the  nerve  has  been 
affected  in  some  acute  diseases,  as  smallpox,  possibly  from  pressure, 
and  in  rheumatic  fever,  perhaps  by  inflammation  extending  from  the 
joint.  It  suffers,  with  other  nerves,  from  disease  of  the  upper  part  of 
the  brachial  plexus. 

The  chief  symptom  is  paralysis  of  the  deltoid  (p.  25),  which 
abolishes  almost  all  power  of  raising  the  arm,  a  very  trifling  power  of 
abduction  by  the  suprasupinatus  alone  remaining.  The  slight  nerve- 
supply  that  the  fore  part  of  the  deltoid  receives  from  one  of  the 
anterior  thoracic  nerves  is  insuflficient  to  mitigate  the  effect  of  the 
paralysis  of  the  circumflex,  although  it  may  maintain  slight  power  of 
voluntary  contraction  in  the  anterior  fibres,  and  this  sometimes  gives 
rise  to  an  erroneous  impression  that  the  paralysis  of  the  circumflex 
nerve  is  incomplete.  The  effect  of  the  palsy  of  the  teres  minor  is 
unimportant.  The  wasting  of  the  deltoid  causes  a  change  in  the 
shape  of  the  shoulder.  Sensation  may  be  lost  in  the  skin  over  the 
lower  part  of  the  muscle,  and  the  loss  sometimes  extends  on  to 
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Fi&.  46.— Disease  of  the 
circumflex  nerve  from 
pressure-neuritis  during^ 
acute  illness ;  wasting  of 
deltoid.  The  dotted  line 
indicates  the  area  of  cu- 
taneous anaesthesia. 


the  shoulder  (Fig.  46).    In  some  cases  there  is  no  antesthesia,  even 

when  the  muscle  is  wholly  paralysed,  we  have 

seen  that  this  is  often  the  case  in  nerve-lesions 

(p.  51).    Adhesions  are  apt  to  form  in  the 

shoulder-joint,  in  part  probably  the  result  of 

trophic  changes,  since  the  circumflex  supplies 

the  articulation  as  well  as  the  chief  muscle 

that  moves  it.    The  diagnosis  of  the  paralysis 

of  the  circumflex  nerve  is  easy.  The  only  con- 
dition readily  mistaken  for  it  is  anchylosis  of 

the  shoulder-joint  in  a  stout  individual,  in 

whom  the  state  of  nutrition  of  the  muscle  is 

not  readily  perceived.    The  risk  of  error  is 

increased  by  the  fact  that  arthritis  and  para- 
lysis may  result  from  the  same  cause — a  fall 

on  to  the  shoulder.    Passive  movement  at 

once  solves  the  problem.    The  scapula  moves 

with  the  arm  in  anchylosis,  and  not  in  palsy. 
The  Muscido-cutaneous  nerve  supplies  the 

chief  flexors  of  the  elbow  and  the  skin  over  the 

radial  side  of  the  forearm.  It  is  scarcely  ever 
paralysed  alone,  but  often  suffers,  with  other  nerves,  in  disease  of  the 
brachial  plexus.  The  symptoms  correspond  to  its  function ;  there  is 
paralysis  of  the  biceps  and  brachialis  (see  p.  27),  the  effect  of  which 
is  especially  conspicuous  when  the  arm  is  supinated  and  the  supinator 
longus  cannot  flex  the  elbow.  There  may  also  be  anaesthesia  of  the 
radial  side  of  the  forearm,  front  and  back. 

The  Musculo-spiral  nerve  is  more  frequently  paralysed  alone  than 
any  other  nerve  of  the  arm.    Arising  from  the  posterior  cord  of 
the  brachial  plexus,  it  seems  to  derive  its  motor  fibres  from  all  the 
nerve-roots  that  enter  the  plexus  except  the  first  dorsal.    It  supplies 
the  triceps,  all  the  muscles  on  the  back  of  the  forearm,  the  extensors 
of  the  wrist  and  fingers,  both  the  supinators,  also  the  skin  on  the 
radial  side  of  the  back  of  the  hand,  the  back  of  the  thiimb,  index 
finger,  and  half  the  middle  finger.    It  is  thus  the  extensor  nerve  of 
the  arm,  and  has  a  more  complete  relation  to  a  single  function  than 
is  common  among  the  nerves  of  the  limbs  ;  a  fact  that  has  given  rise 
to  diagnostic  error,  since  a  functional  palsy  suggests  a  central  cause. 
The  frequency  with  which  this  nerve  suffers  is  due  to  its  course.  As 
it  leaves  the  brachial  plexus  to  wind  round  the  bone,  its  position 
exposes  it  to  injury  in  dislocation  or  from  the  pressure  of  a  crutch  ; 
the  most  common  form  of  "  crutch  palsy"  is  paralysis  of  this  nerve! 
Lying  as  it  does  close  to  the  humerus,  it  is  readily  torn  by  fracture,  or 
compressed  by  callus,  and  it  suffers  gravely  from  even  temporary  pres- 
sure against  the  hard  bone.    Such  pressure  is  often  exerted  during 
sleep.    The  nerve  may  be  paralysed  by  the  pressure  to  which  it  is 
exposed  when  the  body,  with  the  arm  beneath  it,  rests  on  the  ground 
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or  on  a  hard  bed.  Thus,  a  man  slept  all  night  on  a  bench,  Ijing  on 
his  right  side  with  his  arm  beneath  him,  and  woke  in  the  morning 
with  this  nerve  paralysed.  Curiously,  a  precisely  similar  event  had 
occurred  to  him  three  years  before.  In  other  cases  the  pressure  on 
the  nerve  is  that  of  a  hard  and  sharp  object  over  which  the  arm  is 
placed  during  sleep,  as  the  edge  of  a  chair  or  the  side  of  a  couch. 
The  continental  custom  of  tying  together,  behind  the  body,  the  arms 
of  a  prisoner,  often  causes  paralysis  of  this  nerve,  sometimes  on  both 
sides.  In  Russia  it  is  not  uncommon  in  infants,  from  the  popular 
practice  of  binding  the  arms  to  the  body  and  then  laying  the  child  to 
sleep  on  its  side.  I  have  twice  seen  paralysis  from  a  violent  contrac- 
tion of  the  triceps,  once  during  the  act  of  pulling  on  a  tight  pair  of 
boots,  and  once  from  throwing  a  stone  with  violence.  In  each  the 
nerve  was  at  once  completely  paralysed ;  and  in  the  second,  in  which 
the  palsy  was  severe,  a  bruised  appearance  was  observed  over  the  lower 
part  of  the  triceps.  Neuritis  due  to  cold  is  often  assumed  to  be  a 
cause  and  is  possibly  sometimes  effective,  but  the  exposure  to  cold  has 
usually  been  during  sleep,  and,  as  Panas  and  others  have  main- 
tained, it  is  probable  that  the  paralysis  was  due  to  compression  rather 
than  to  cold.  The  same  influence  may  also  have  been  operative  in 
cases  in  which  the  nerve  has  been  paralysed  during  an  acute  disease. 
Although,  in  a  case  of  paralysis  during  typhus,  described  by  Bern- 
hardt, neuritis  was  found  after  death,  this  was  at  the  spot  at  which 
pressure  is  usually  effective,  and  the  inflammation  was  probably  thus 
excited.  The  muscles  involved  in  lead  palsy  are  some  of  those  supphed 
by  the  musculo-spiral,  but  we  do  not  know  that  the  poison  acts  on  the 
nerve  itself. 

The  symptoms  of  disease  of  the  musculo-spiral  nerve  are  paralysis  of 
the  extensors  of  the  elbow  and  of  the  wrist,  the  long  extensors  of  the 
fingers  and  thumb,  and.  the  supinators  (see  pp.  26-28).  All  these  are 
paralysed  by  a  complete  lesion  of  the  nerve  near  the  brachial  plexus. 
When  the  lesion  is  near  the  middle  of  the  humerus,  as  it  is  in  most 
cases  of  compression,  the  triceps  generally  escapes,  but  not  always. 
The  supinatus  longus  is  usually  paralysed,  but  it  escapes  if  the  lesion  is 
below  the  origin  of  its  branch,  and  may  also  escape  if  the  injury  to 
the  nerve  is  incomplete.  In  sleep-palsy  it  usually  suffers,  but  I  have 
seen  it  unaffected  in  a  case  in  which  the  ext.  carpi  radialis  was  also 
but  little  affected,  and  Bernhardt  has  noted  the  escape  of  the  supinator 
in  an  otherwise  complete  paralysis  from  dislocation  of  the  humerus. 
The  extensor  palsy  causes  characteristic  wrist-drop,  and  loss  of  the 
power  of  extending  the  first  phalanges  of  the  fingers  and  the  thumb 
(see  p.  28).  There  is  sometimes  a  gradation  of  palsy  from  the  first 
finger,  in  which  it  is  least,  to  the  fourth,  in  which  it  is  greatest  (Fig. 
47).  The  same  gradation  is  seen  in  lead  palsy.  It  is  not  easy  to 
explain.  The  action  of  the  flexors  is  feeble,  from  the  loss  of  support ; 
in  most  cases  of  complete  palsy  I  have  found  the  power  of  flexion 
reduced  from  this  cause  to  one  third  of  the  normal.    The  loss  of  the 
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power  of  supination  is  a  grave  inconvenience.  If  an.  object  is  grasped 
firmly  the  arm  becomes  pronated.    The  patient  tries  to  compensate  for 


Fig.  47. — Paralysis  of  the  musculo-spiral  nerve ;  maximum  extension  of 
wrist  and  fingers.  The  extension  of  the  fingers  progressively  diminishes 
from  the  fii-st  to  the  fourth.    (From  a  photograph.) 

the  loss  by  patting  the  elbow  against  the  side  and  rotating  the 
humerus.    The  pronators  may  ultimately  become  shortened.  The 
over-flexion  of  the  carpus,  and  its  deficient  support  by  the  extensor 
tendons,  leads  to  a  pro- 
minence of  synovial  sacs, 
and  perhaps  of  the  bones, 
at  the  back  of  the  carpus 
(Fig.  48) .    In  severe  cases 
the  muscles  waste,  and  the 
maximum  circumference  of 
the  limb  below  the  elbow 
may  be  a  quarter  or  half  an 

inch  less  than  on  the  other 

.  T       m,      1    i  •    1  Fig.  48. — Prominence  at  back  of  hand  from  para- 

Side.     The  electrical  reac-      ^^^-^  extensors.    The  patient  was  suffering 

tions  depend  on  the  seve-      from  wrist-drop  due  to  silver-poisoning, 
rity  of  the  lesion  of  the 

nerve ;  commonly  there  is  well-marked  degenerative  reaction.  The  affec- 
tion of  sensibility  in  the  area  supplied  by  the  nerve  is  very  variable. 
The  skin  of  the  upper  arm  rarely  loses  feeling;  in  the  hand  sensation  may 
be  normal,  although  the  muscular  paralysis  is  complete.  There  may 
be  subjective  "tingling"  in  the  part  although  there  is  no  loss  of 
sensibility.  The  diagnosis  is  easy  in  most  cases.  The  affection  is 
distinguished  from  lead  palsy  by  its  common  limitation  to  one  arm 
and  by  the  affection  of  the  supinator,  but  these  distinctions,  although 
strongly  suggestive,  are  not  quite  absolute.  The  palsy  of  the  nerve, 
moreover,  is  usually  sudden  in  onset ;  that  from  lead  is  gradual. 
These  characters,  and  the  commonly  obtrusive  cause,  always  suffice  for 
the  diagnosis.  In  bilateral  wrist-drop,  disease  of  the  nerve  would  not 
be  thought  of,  unless  it  followed  a  cause  acting  on  both  sides.  It  must 
be  remembered,  however,  that  this  nerve  is  one  most  frequently 
affected  in  multiple  neuritis ;  in  this  disease  both  arms  suffer,  the  legs 
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are  also  often  involved,  pains  are  conspicuous,  and  the  palsy  is  rarely 
limited  to  a  single  nerve-region.  The  prognosis  in  disease  of  the 
musculo-spiral  nerve  depends  on  the  severity  of  the  lesion,  as  indi- 
cated by  the  electrical  reaction.  When  there  is  evidence  of  nerve- 
degeneration  the  paralysis  usually  lasts  for  some  months.  Eecovery 
ultimately  occurs  in  almost  all  cases.  The  treatment  is  that  for 
neuritis  already  described,  but  attention  should  be  paid  to  the  posture 
of  the  limb,  so  as  to  avoid  tension  on  the  affected  j^art  of  the  nerve. 
For  this  reason,  and  also  because  strong  contraction  of  the  triceps  may 
further  injure  the  nerve,  extension  of  the  elbow  should  be  avoided  in 
cases  of  lesion  of  the  nerve  as  it  winds  round  the  humerus. 

The  Median  nerve  supplies  the  pronators,  the  radial  flexor  of  the 
wrist,  the  flexors  of  the  fingers  (except  the  ulnar  half  of  the  deep 
flexor),  the  muscles  that  abduct  and  flex  the  thumb,  and  the  two 
radial  lumbricales.  Its  motor  fibres  seem  to  have  an  extensive  origin 
from  all  the  cervical  roots  that  enter  the  brachial  plexus.  It  subserves 
sensation  on  the  radial  side  of  the  palm,  on  the  front  of  the  thumb, 
of  the  first  two  fingers,  and  of  half  the  third  finger,  and  also,  at  least 
in  many  persons,  on  the  back  of  the  last  phalanx  of  the  index  and 
middle  finger ;  sometimes  also  on  the  adjacent  part  of  the  back  of  the 
ring  finger  and  the  back  of  the  last  phalanx  of  the  thumb.  Isolated 
palsy  of  this  nerve  is  not  frequent,  and  generally  results  from  wounds 
of  the  forearm,  or  fractures  of  the  forearm  bones,  rarely  from  injuries 
in  the  upper  arm.  The  nerve  is  occasionally  the  seat  of  neuritis, 
I  have  known  it  to  be  paralysed  at  the  wrist  a  few  hours  after  a  severe 
sprain  of  this  joint.  Webber  has  recorded  a  case  in  which  it  seemed 
to  be  injured  by  a  violent  contraction  of  the  pronator  teres.  When 
there  is  complete  damage  to  the  nerve,  pronation  is  impossible  beyond 
the  mid-position,  to  which  the  supinator  longus  can  bring  the  forearm, 
and  an  attempt  is  made  to  supplement  this  by  rotating  the  humerus 
inwards,  and  separating  the  elbow  from  the  side.  The  wrist  can  only 
be  flexed  with  a  strong  inclination  towards  the  ulnar  side.  The 
thumb  is  in  persistent  extension  and  adduction  (like  the  thumb  of  the 
^pe.  Figs,  20  and  21,  p,  32),  and  cannot  be  opposed  to  the  tips  of  the 
fingers.  The  j)ower  of  flexing  the  second  phalanges  on  the  first  is  lost, 
and  also  that  of  flexing  the  distal  phalanx  of  the  first  and  second 
finger,  but  this  phalanx  can  still  be  flexed  in  the  third  and  fourth 
fingers,  by  the  ulnar  half  of  the  flexor  profundus  (see  j).  29).  Inter- 
osseal  flexion  of  the  first  phalanx  is  still  possible,  and  the  unopposed 
extensor  action  of  the  interossei  on  the  middle  and  distal  phalanges 
.tends  to  cause  a  subluxation  of  the  articulations  concerned.  The 
wasting  of  the  thenar  muscles  is  usually  conspicuous.  The  condition  of 
the  hand  resulting  from  these  palsies  is  very  characteristic.  The  sensory 
loss  is  variable ;  it  may  be  absolute  or  absent.  If  there  is  anaesthesia  on 
the  palmar  surface  it  will  often  be  found  also  on  the  dorsal  aspect  of 
the  extremities  of  the  first  two  fingers.  Lesions  of  the  median  nerve, 
if  rare,  are  apt  to  be  severe,  and  their  course  correspondingly  prolonged. 
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The  Ulnar  nerve  comes,  througli  the  inner  cord  of  the  plexus,  from 
the  last  cervical  and  first  dorsal  roots,  and  its  origin  from  the  lowest 
part  of  the  cervical  enlargement  gives  it  an  important  relation  since  it 
is  the  first,  of  all  the  brachial  nerves,  to  be  affected  by  disease  that 
ascends  from  the  dorsal  to  the  cervical  region  of  the  spinal  cord.  The 
nerve  supplies  the  ulnar  flexor  of  the  wrist,  the  ulnar  half  of  the  deep 
flexor  of  the  fingers,  the  muscles  of  the  little  finger,  the  interossei, 
some  of  the  lumbricales,  the  adductor  and  inner  head  of  the  short  flexor 
of  the  thumb.  Its  sensory  area  is  the  ulnar  side  of  the  hand,  back  and 
front,  more  extensive  on  the  back  of  the  hand  (two  fingers  and  a 
half)  than  on  the  front  (one  finger  and  a  half).  The  course  of  the 
nerve,  superficial  behind  the  elbow  and  at  the  wrist,  renders  it  liable 
to  separate  injury.  It  is  often  implicated  in  wounds  of  the  arm,  and 
injured  in  operations  about  the  elbow-joint,  by  dislocations  of  the 
shoulder  and  elbow,  and  by  fractures  of  the  bones  of  the  forearm.  It 
isoccasionally  the  seat  of  neuritis,  and,  like  the  musculo-spiral  nerve,  it 
is  sometimes  paralysed  by  pressure.  It  is  probable  that  pressure  often 
acts  by  setting  up  neuritis.  At  the  elbow,  the  projecting  bones  preserve 
the  nerve  from  direct  pressure  ;  although  Duchenne  describes  paralysis 
in  men  who,  while  at  work,  rest  the  bent  elbow  on  a  hard  substance,  this 
mechanism  is  certainly  rare.  It  is  much  more  common  for  the  nerve 
to  suffer  in  long-continued  flexion  of  the  elbow,  without  external 
pressure  ;  and  from  this  cause  the  nerve  is  sometimes  paralysed  during 
sleep.  I  have  three  times  seen  a  sleep-palsy  of  the  ulnar  nerve.  The 
tension  may  set  up  neuritis,  and  is  especially  effective  if  the  resistance 
of  the  tissues  to  morbid  influences  is  lessened  by  general  ill-health. 
Many  persons  must  have  noticed  that  if,  when  out  of  health,  they  sleep 
with  the  elbow  bent,  they  wake  with  tingling,  and  even  loss  of  feeling, 
in  the  region  supplied  by  the  ulnar  nerve,  although  this  may  not 
happen  when  they  are  in  good  health.  If  the  ill-health  is  profound,  as 
in  an  acute  illness,  local  neuritis  of  considerable  intensity  may  be  set 
up.  Thus  a  lady,  a  few  days  after  childbirth,  who  was  prostrated  by 
a  long,  exhausting  labour,  noticed  tingling  in  the  side  of  the  hand, 
and,  whenever  she  bent  her  elbow,  a  sensation  "  as  if  she  had  knocked 
her  funny-bone."  Paralysis  of  the  muscles  supplied  by  the  ulnar  nerve 
followed  in  a  few  hours,  and  in  a  fortnight  there  was  distinct  wasting. 
When  I  saw  her,  six  months  later,  the  ulnar  nerve  behind  the  elbow, 
was  distinctly  thickened.  She  had  had  a  similar,  but  more  transient, 
attack  after  a  previous  confinement.  Another  patient  had  a  similar 
palsy  during  the  course  of  typhoid  fever.  Bernhardt  has  described  a 
case  of  palsy  of  both  ulnar  nerves  during  the  course  of  typhoid.  In 
such  conditions,  not  only  is  the  tissue-health  lowered,  but  warning 
sensations  are  often  unperceived. 

The  importance  of  the  interosseal  flexion  of  the  fingers  for  many 
actions,  such  as  vrriting,  renders  palsy  of  the  ulnar  nerve  peculiarly  dis- 
abling. Several  illustrations  of  the  symptoms  have  been  given  in  con- 
nection with  palsy  of  the  interossei  (p.  30).    In  flexion  of  the  wrist,  the 
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hand  deviates  towards  the  radial  sirle,  and  persistent  distortion  may  take 
place.  Adduction  of  the  thumb  is  lost,  and  so  are  most  movements  of 
the  little  finger.  The  fingers  cannot  be  flexed  at  the  first  or  extended  at 
the  other  joints,  but  the  loss  is  slighter  in  the  first  two  fingers  than  in  the 
others,  because  their  lumbricales  are  supplied  by  the  median  nerve.  In 
time  the  opponents  of  the  interossei,  by  their  contracture,  lead  to  over- 
extension of  the  first  phalanges  and  flexion  of  the  others  ;  the  "  claw-like 
,  hand  "  is  produced  (see  p.  30),  but  this  is  less  complete  than  in  cases 
of  progressive  muscular  atrophy,  on  account  of  the  escape  of  the  first 
two  lumbricales.  When  the  palsy  is  imperfect  it  may  be  possible  to 
extend  the  second  and  third  phalanges,  if  the  first  can  be  over-extended, 
and  an  advantage  thus  given  to  the  interossei,  by  the  lengthening  of 
the  course  of  their  tendons,  just  as  in  partial  paralysis  of  the  long 
extensors  they  may  be  able  to  extend  the  digits  if  the  wrist  is  flexed, 
but  not  if  it  is  extended. 

The  loss  of  sensation,  as  in  the  case  of  the  other  nerves,  varies  mucii 
both  according  to,  and  irrespective  of,  the  degree  of  lesion  of  the  nerve. 
Subjective  sensations  are  common,  with  and  without  anaesthesia,  and 
those  who  have  had  neuritis  are  sometimes  unable  to  bend  the  elbow 
for  more  than  a  few  minutes  without  feeling  tingling  in  the  area  sup- 
plied by  the  nerve. 

The  diagnosis  of  disease  of  the  ulnar  nerve  is  easy.  A  difficulty  is 
occasionally  caused  by  the  circumstance  already  mentioned,  that  dis- 
ease at  the  lowest  part  of  the  cervical  enlargement  may  cause  sym- 
ptoms limited  to  the  region  of  this  nerve,  but  a  knowledge  of  the  fact 
is  usually  sufficient  to  prevent  an  error. 

Combined  Palsies  of  the  Nerves  of  the  Arm. — Paralysis  in  the 
region  of  two  or  more  of  the  nerves  of  the  arm  is  very  common,  and 
results  from  many  causes.  It  may  be  due  to  disease  of  the  spinal 
cord,  or  to  disease  of  the  nerve-roots  within  the  spinal  canal,  but  with 
these  we  are  not  now  concerned.  The  most  frequent  causes  of  such 
combined  palsy  outside  the  spinal  canal  are  the  following: — (1) 
Morbid  processes  in  the  neck,  affecting  the  nerve-roots  outside  the 
spine  or  the  upper  part  of  the  brachial  plexus.  (2)  Diseases  of  the 
plexus  itself,  neuritis,  and  especially  dislocations  of  the  shoulder. 
(3)  Fractures  of  the  bones  of  the  forearm.  (4)  Ascending  neuritis, 
"neuritis  migrans,"  which,  commencing  in  a  single  nerve,  may 
ascend  it  to  the  plexus,  and  there  spread  to  the  fibres  of  other  nerve- 
trunks. 

We  may  consider  first  the  cause  last  named.  An  injury  of  a  single 
nerve  is  sometimes  followed  by  an  extension  of  the  motor  and  sensory 
symptoms  to  the  regions  supplied  by  other  nerves.  This  can  only  be 
explained  by  an  ascending  neuritis  reaching  the  junction  of  the  nerves 
at  the  brachial  plexus,  and  there  spreading,  often  in  what  seems  a 
random  manner.  Thus  a  lady  cut  her  wrist  so  as  to  leave  a  scar  an. 
inch  long,  over  the  position,  and  in  the  direction,  of  the  median  nerve. 
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The  injury  caused  paralysis  and  wasting  of  all  the  muscles  in  the 
hand  supplied  by  this  nerve.  This  palsy  was  followed  by  a  gradual 
loss  of  power,  with  diminished  faradaic  irritability,  m  the  long 
extensor  of  the  fingers,  the  ulnar  flexor  of  the  wrist,  and  also  by 
defect  of  sensation  in  the  skin  supplied  by  the  ulnar  nerve.  Hence 
the  neuritis  must  have  ascended  to  the  plexus,  and  there  have  spread 
along  each  root  of  the  median  uerve.  Again,  a  woman  cut  her  right 
hand  with  a  broheu  stone  bottle,  along  the  hypothenar  eminence. 
There  weeks  afterwards  the  muscles  of  the  hand  supplied  by  the 
ulnar  nerve  gradually  became  paralysed,  with  wasting  and  loss  of  irri- 
tability,  and  in  the  area  of  the  skin  supplied  by  the  nerve  there  was 
first  tingling  and  then  diminished  sensibility.  Burning  pain  spread 
up  the  front  of  the  forearm,  and  inner  side  of  the  upper  arm,  to  the 
axilla;  all  the  forearm  muscles  lost  power,  the  flexor  carpi  ulnaris, 
and  the  flexor  sublimis  digitorum  in  greatest  degree  ;  the  tingling  and 
lessened  sensibility  spread  to  the  fingers  supplied  by  the  median 
nerve,  and  the  abductor  poUicis  wasted.  In  this  case  also  there  must 
have  been  an  ascending  neuritis  of  the  ulnar,  spreading  to  the  median 
at  the  brachial  plexus. 

The  brachial  plexus  is  occasionally  the  seat  of  a  primary  neuritis, 
sometimes  apparently  rheumatic  in  origin,  sometimes  developing  with- 
out any  distinct  exciting  cause.  The  symptom  of  such  neuritis,  is 
pain,  acute  or  burning  in  character,  in  the  position  of  the  plexus, 
extending  along  the  course  of  some  of  the  nerve-trunks,  and  accom- 
panied by  various  indications  of  organic  damage  to  the  nerves  that 
arise  from  the  plexus.  These  cases  are  always  most  tedious  in  their 
course.  Fortunately  they  are  rare.  A  far  more  common  cause  of 
damage  to  the  plexus  is  dislocation  of  the  shoulder,  especially  sub- 
coracoid  dislocation,  in  which  the  displaced  head  of  the  humerus 
necessarily  compresses  the  nerves.  The  extent  of  injury  varies  greatly; 
only  one  nerve  may  suffer,  or  not  one  may  escape.  Every  muscle  of 
the  arm  may  be  paralysed,  from  the  deltoid  downwards.  In  most 
cases  the  injury  is  severe  in  degree;  there  is  rapid  wasting  of  the 
muscles,  with  the  reaction  of  degeneration,  and  there  is  a  great  ten- 
dency to  the  occurrence  of  trophic  changes  in  the  skin.  It  was  in  a 
case  of  this  character  that  the  forearm  and  hand  were  covered  with 
blisters  from  the  application  of  water  that  seemed  merely  warm  to  a 
healthy  hand  (p.  52). 

Fracture  of  the  humerus  may  damage  both  the  musculo -spiral  and 
ulnar  nerves,  rarely  the  median.  Fracture  of  the  bones  of  the  forearm 
often  injures  both  the  median  and  ulnar  nerves. 

Injuries  to  the  neck  sometimes  cause  a  partial  paralysis  of  the  arm 
of  peculiar  distribution,  the  special  characters  and  significance  of 
which  were  first  pointed  out  by  Erb.*  A  similar  paralysis  sometimes 
comes  on  apart  from  injury.    The  muscles  afi'ected  are  the  deltoid, 

*  Heidelberg  Society,  1874,  '  Ziemssen's  Hundbuch,'  1874,  Bd.  xii,  pt.  2,  p.  509  j 
see  also  Bernhardt, '  Zeitsch.  f.  kl.  Med.,'  1882,  Bd.  iv,  p.  415. 
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Pig.  49. — Combined  palsy  of  deltoid,  supra- 
spinatus,  and  infraspinatus,  from  a  fall  on 
the  shoulder. 


often  the  supraspinatus  and  infraspinatus,  the  biceps  and  brachialis 

anticu8,andthe  suijinators.  Erb 
found  that  there  is  one  spot  be- 
tween the  scaleni,  corresponding 
to  the  sixth  cervical  nerve,  at 
which  electrical  stimulation  puts 
all  these  muscles  in  action.  Hoe- 
demaker,  who  has  described  two 
cases  of  this  palsy,  finds  the  mo- 
tor point  in  a  line  drawn  from 
the  sterno-clavicular  articulation 
to  the  seventh  cervical  spine,  1-5 
centimetres  from  the  edge  of  the 
trapezius.    The  palsj  is  appa- 
rently dependent  on  disease  of 
the  roots  of  the  fifth  and  sixth 
cervical  nerves,  and  the  fifth,  it 
will  be  remembered,  receives  a 
twig  from  the  fourth.*  Besides 
injuries, '  this  group  of  palsies 
may  result  from  non-traumatic 
processes,  probably  from  neuri- 
tis, and  also  from  growths  in 
this  situation.  Duchenne  and 
Seligmiiller    have   also  de- 
scribed j)aralysis  of  similar 
distribution  produced  in  in- 
fants during  birth,  either  by 
pressure  from  the  position  of 
the  arm,  or  by  traction  on  the 
neck  with  the  finger  or  hook. 
Most  obstetrical  cases  slowly 
recover.    Those  due  to  injury 
in  adult  life  are  often  severe  j 
the  symptoms  continue  for 
a  long  time,  and  may  be  per- 
manent. 

Morbid  processes  connected 
with  the  bones  of  the  cervical 

Fia.  50. — Left  hand  of  a  patient  suffering  from  a  growth  beside  the  lower  cervical 
spine  compressing  the  nerve-roots.  There  was  anajsthesia  of  all  parts  supplied 
by  the  brachial  and  cervical  plexus.  The  arm  was  adducted,  the  elbow  flexed,  the 
hand  in  the  posture  shown,  flexion  of  first,  extension  of  second,  strong  flexion 
of  last  phalanges,  the  first  phalanx  of  the  thumb  over-extended,  the  second  flexed. 
Rigidity  extreme,  and  an  attempt  to  overcome  it  caused  great  pain.  There 
was  also  some  contracture  of  the  foot  (equino-valgus). 

*  Erb  referred  the  palsy  to  disease  of  the  sixth  nerve.  The  experiments  of 
Ferrier  and  Yeo  point  to  the  fifth  and  fourth  roots  as  those  innervating  these 
muscles,  but  his  subsequent  correction  indicates  the  fifth  and  sixth  (see  p.  67). 
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spine  sometimes  produce  combined  symptoms  of  irritation  and  palsy 
of  the  nerves  of  tLe  arm,  pain,  hypersesthesia,  anaesthesia,  paralysis  of 
muscles,  and  extreme  muscular  contractures,  oiten  very  irregular  m 
distribution  (such  as  are  shown  in  Fig.  50).  I  have  also  twice  seen 
purely  sensory  symptoms  in  the  arm  due  to  what  was  apparently 
syphilitic  celluHtis  about  the  vertebree,  causing  deep-seated  induration 
beside  the  spine,  and  quickly  dispersed  by  iodide  of  potassium. 

Diagnosis.— The  diagnosis  of  diseases  of  the  nerves  of  the  arm  has 
been  for  the  most  part  sufficiently  considered  in  connection  with  the 
special  nerves.  It  consists  chiefly  in  an  application  of  the  facts  there 
stated.  One  or  two  more  general  considerations  deserve,  however, 
a  brief  mention.  Some. diseases  of  the  spinal  cord  are  first  manifested 
in  the  ai-m,  by  muscular  palsy,  wasting,  or  by  anaesthesia.  The  risk 
of  error  is  prevented,  in  most  cases,  by  the  absence  of  any  corre- 
spondence between  these  symptoms  and  the  functions  of  specia 
nerves,  by  the  absence  of  any  indication  of  morbid  processes  in  the 
neighbourhood  of  the  nerves,  knd  by  the  presence  of  other  signs  of 
disease  of  the  spinal  cord.  It  has  been  mentioned  that  disease  in  the 
lowest  part  of  the  cervical  enlargement  may  be  manifested  only  in  the 
region  of  the  ulnar  nerve,  the  lowest  in  origin  of  all  the  brachial 
nerves.  Such  disease  is,  however,  usually  bilateral,  and  secondary  to 
disease  in  the  dorsal  region  of  the  cord,  the  indications  of  which  have 
preceded  the  symptoms  in  the  arm.  A  knowledge  of  these  facts,  and 
a  careful  consideration  of  the  distribution  and  course  of  the  symptoms, 
will  rarely  leave  the  observer  in  doubt. 

A  greater  difficulty  in  diagnosis  is  presented  by  some  cases  of  func- 
tional disorder.  The  arm  is  a  common  seat  of  neuralgia,  and  the  dia- 
gnosis between  neuralgia  and  neuritis  is  often  one  of  great  difficulty,  a 
difficulty  that  is  increased  by  the  circumstance  that  slight  disseminated 
neuritis  may  unquestionably  result  from  a  primary  neuralgia,  so  that 
the  nerve-trunks  may  become  tender.  The  distinction  rests  on  the 
variable  and  intermittent  character  of  the  initial  pain,  on  the  secondary 
character  of  the  tenderness  of  the  nerves,  and  on  the  absence  of  inter- 
ference with  the  function  of  their  fibres.  A  similar  difficulty  is  pre- 
sented by  some  cases  of  "  occupation  neurosis,"  of  which  "  writers' 
cramp"  is  the  most  common  fonm.  Sensory  symptoms,  common  in 
some  degree  in  these  aifections,  may  predominate  over  the  motor 
symptoms,  and  may  consist  of  nerve  pains  and  tenderness.  The  fact 
that  the  pain  is  at  first  excited  only  by  one  kind  of  muscular  effort,  the 
initial  limitation  of  the  disability,  and  the  absence  of  any  actual  para- 
lysis, motor  or  sensory,  usually  suffices  for  the  diagnosis.  These  cases 
are  considered  more  fully  in  the  chapter  on  "  Occupation  Neuroses." 


Treatment. — There  is  little  in  the  treatment  of  the  diseases  of  the 
nerves  of  the  arm  that  requires  special  mention.  The  chief  measure 
is  the  treatment  of  the  cause  of  the  paralysis.    Any  present  source  of 
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pressure  must  be  removed  as  far  as  possible.  The  ends  of  a  divided 
nerve  must  be  siitured.  It  is  remarkable  bow  quickly  this  has  some- 
times been  followed  by  the  restoration  of  conducting  power.  The 
posture  of  the  arm  must,  in  all.  cases,  be  sucb  as  to  avoid  tension  on 
an  injured  or  inflamed  nerve.  The  treatment  of  neuritis  is  that  already 
described.  Electrical  stimulation  of  the  muscles  is  of  great  importance 
in  all  cases  of  severe  damage  to  the  nerves.  Even  in  old  and  stationary 
cases  it  sometimes  is  the  means  of  starting  some  improvement. 


Nerves  of  the  Lower  Limb. 

Disease  of  the  nerves  is  far  less  common  in  the  lower  than  in  the 
upper  limb,  witb  one  important  exception,— the  primary  disease  of  the 
sciatic  nerve  that  goes  by  the  name  of  "  sciatica."  This  affection  is 
reserved  for  separate  description  in  the  next  section. 

The  nerves  of  the  leg  are  derived  from  the  lumbar  and  sacral 
plexuses.  The  lumbar  plexus,  consisting  of  the  first  three  and  a  half 
lumbar  roots,  supplies  the  skin  of  the  lower  part  of  the  abdomen,  of 
the  front  and  sides  of  the  thigh,  of  the  inner  side  of  the  lower  leg  and 
foot.  It  supplies  also  many  muscles— the  cremaster,  and  those  that 
flex  and  adduct  the  hip-joint,  and  those  that  extend  the  knee.  Its 
branches  for  the  leg  are  the  obturator  and  anterior  crural  nerves. 
The  sacral  plexus  consists  of  the  fifth  lumbar  root  and  half  the  fourth 
(lumbo-sacral  cord)  and  the  first  four  sacral  nerves,  of  which,  however, 
only  the  upper  three  have  to  do  with  the  leg.  This  plexus  innervates 
the  extensors  and  rotators  of  the  hip,  the  flexors  of  the  knee,  and  all 
the  muscles  that  move  the  foot,  together  with  the  skin  of  the  gluteal 
region,  the  back  of  the  thigh,  the  outer  side  and  back  of  the  lower  leg, 
and  most  of  the  foot.  Its  chief  nerves  are  branches  to  the  outward 
rotators  of  the  hip,  the  gluteal  nerve,  and  the' small  and  great  sciatic. 

The  results  obtained  by  Perrier  and  Yeo  (see  p.  67)  on  stimulating  the  roots 
of  the  lumbar  and  sacral  plexuses  in  the  monkey,  may  be  thus  summarised : 
Lumbar  I  and  II.  Lower  abdominal  muscles  (not  cremaster). 

III.  Psoas  and  iliacus,  sartorius,  extensors  of  knee ;  (flexion  of  hip  and 
extension  of  leg). 

IV.  Glutei,  adductors,  extensor  cruris,  peroneus  longus  ;  (extension  of 
hip  and  knee,  elevation  of  outer  side  of  foot). 

V.  Glutei,  hamstrings,  and  all  the  muscles  in  front  and  back  of 
lower  leg ;  (rotation  of  thigh  outwards,  flexion  and  rotation  inwards 
of  leg ;  extension  of  foot  with  elevation  of  outer  edge  ;  flexion  of 
distal  phalanges  of  toes). 
Sacral  I.  Hamstrings,  calf  muscles,  long  flexor  of  toes,  intrinsic  muscles  of 
foot ;  (slight  outward  rotation  of  thigh,  flexion  of  knee,  extension 
of  foot,  adduction  of  great  toe,  flexion  of  first  phalanges  of  all  toes 
and  of  both  phalanges  of  great  toe). 
II.  Intrinsic  muscles  of  foot ;  ("  interosseal  "  flexion  of  toes,  similar  to 
the  last). 

These  results  cannot  be  simply  applied  to  man.    Tor  instance,  it  is  certain 
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that  in  man,  one  flexor  of  the  hip,  the  psoas,  and  the  cremaster,  are  largely 
innervated  from  the  second  lumtar,  but  no  indication  of  the  action  of  either  of 
these  could  be  observed  on  stimulating  this  root  in  the  monkey. 

The  Ltimbar  plexus  itself  is  sometimes  damaged  by  growths  in  the 
abdomen  (especially  by  those  that  spring  from  the  lumbar  glands)  and 
by  psoas  abscess,  and  the  nerve-roots  may  suffer  in  disease  of  the 
bones  of  the  vertebrae.  The  plexus  may  also  suffer  when  inflammation 
ascends  the  lumbo-sacral  cord  from  the  sacral  plexus,  and  it  is 
occasionally  the  seat  of  spontaneous  neuritis.  The  obturator  nerve  is 
rarely  affected  alone  ;  it  has  been  sometimes  damaged  in  the  course  of 
parturition.  The  anterior  crural  nerve  has  suffered  from  the  same 
cause,  and  is  sometimes  injured  by  wounds  of  the  groin  or  thigh,  or  by 
dislocation  of  the  hip-joint. 

Of  the  interference  with  movement  that  may  result,  the  paralysis  of 
the  flexors  of  the  hip  depends  on  the  position  of  the  disease.  This 
jjaralysis  is  total  only  when  the  lumbar  plexus  is  damaged.  Disease  of 
the  anterior  crural  nerve,  within  the  abdomen,  does  not  affect  the  psoas, 
but  may  paralyse  the  iliacus,  and  so  weaken,  without  abolishing,  the 
power  of  flexion.  The  chief  symptom  of  disease  of  this  nerve  is  the 
loss  of  power  in  the  extensors  of  the  knee,  and  the  wasting  of  these 
muscles,  together  with  loss  of  the  knee-jerk  which  results  from  the 
interruption  of  the  reflex  arc.  The  effect  of  these  palsies  on  movement 
is  very  serious  (see  p.  33).  Anaesthesia  involves  the  whole  of  the  thigh 
(except  a  strip  along  the  middle  of  the  back),  the  inner  side  of  the  leg 
and  foot,  and  the  adjacent  sides  of  the  first  and  second  toes.  In  many 
cases  the  paralysis  is  incomplete,  and  the  symptoms  present  corres- 
ponding variation.  Irritation  of  the  nerve  may  cause  severe  pain  in 
the  region  supplied  by  it.  This  is  sometimes  an  early  symptom  of  a 
growth  near  the  spine.  The  pain  in  neuritis  of  the  plexus  may  extend 
along  the  course  of  the  ilio-hypogastric,  ilio-inguinal,  and  genito- 
crural  nerves,  to  the  lower  part  of  the  abdomen  and  groin. 

Paralysis  of  the  obturator  nerve  causes  a  loss  of  the  power  of  adduc- 
tion of  the  thigh,  so  that  the  patient  cannot  put  one  leg  across  the 
other.  Eotation  of  the  thigh  outwards  is  interfered  with,  but  in 
slighter  degree  than  adduction.  The  effect  of  these  palsies  (described 
on  p.  33)  is  far  less  serious  than  is  the  disability  which  results  from 
disease  of  the  anterior  crural. 

The  Superior  gluteal  nerve  occupies  an  intermediate  position  between 
the  two  plexuses,  arising,  as  it  does,  from  the  lumbo-sacral  cord,  which 
descends  from  the  fourth  and  fifth  lumbar  roots.  Its  disease,  which 
is  very  rare  in  isolated  form,  causes  paralysis  of  the  gluteus  medius 
and  minimus,  with  a  loss  of  abduction  and  circumduction  of  the  thiffh 
(see  p.  33). 

The  8acral  plexus  is  sometimes  damaged  by  growths  in  the  pelvis,  by 
pelvic  inflammation  of  various  kinds,  and  by  compression  during 
parturition.  It  is  also  often  the  seat  of  neuritis,  which,  however,  less 
frequently  begins  in  the  plexus,  than  ascends  to  it  from  the  sciatic 
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nerve.  Apart  from  spontaneous  neuritis,  which  will  be  separately 
described,  the  sciatic  nerve  outside  the  pelvis  is  occasionally  injured  by 
wounds,  rarely  by  dislocations  of  the  hip,  often  by  disease  of  the  bone, 
and  by  adjacent  morbid  growths.  It  is  also  a  relatively  frequent 
seat  of  neuroma.  Of  the  terminal  branches,  the  external  popliteal,  by 
its  superficial  course,  and  proximity  to  the  hard  fibula,  suffers  from 
traumatic  lesions  of  various  kinds  ;  it  is  also  prone  to  spontaneous 
neuritis.  This  nerve  is  homologous  with  the  musculo-spiral  nerve  of 
the  arm,  and  presents  an  analogous  liability  to  disease.  The  posterior 
tibial  nerve  is  more  secure  in  its  deeper  course,  but  may  be  damaged 
by  fracture  of  the  bones. 

The  symptoms  of  palsy  of  the  sciatic  nerve  vary  much  in  their 
character,  according  to  the  position  of  the  disease.  The  small  sciatic 
is  implicated  only  when  the  mischief  involves  the  pelvic  plexus,  and  it 
scarcely  ever  suffers  alone.  The  effect  is  palsy  of  the  gluteus  maximus, 
which  interferes  with  rising  from  a  seat  more  than  with  walking 
(see  p.  33).  There  is  also  anaesthesia  of  the  skin  in  the  middle  third 
of  the  back  of  the  thi^h, ,  .and  in  the  upper  half  of  the  calf.  A  lesion 
of  the  sciatic  nerve,  near  the  sciatic  notch,  paralyses  the  flexors  of  the 
leg  (which  are  also  extensors  of  the  hip ;  see  p.  34) ,  and  all  the  muscles 
below  the  knee.  If  the  lesion  is  below  the  upper  third  of  the  thigh, 
the  flexors  of  the  leg  escape.  The  anaesthesia  that  results  from  a  lesion 
of  the  nerve  below  the  origin  of  the  small  sciatic,  involves  the  outer 
half  of  the  leg,  the  greater  part  of  the  dorsum  of  the  foot,  and  all  the 
sole. 

The  symptoms  of  disease  of  the  branches  of  the  sciatic  are  as 
follows : — 

That  of  the  external  popliteal  nerve  causes  paralysis  of  the  tibialis 
anticus,  long  extensor  of  the  toes,  peronei,  and  extensor  brevis  digi- 
torum.  The  effect  of  this  is  a  loss  of  all  power  of  flexing  the  ankle 
and  of  extending  the  first  phalanx  of  the  toes  (see  p.  36).  The  foot 
cannot  be  raised  from  the  ground  in  walking,  and  talipes  equinus  ulti- 
mately results  (Fig.  24,  p.  36),  which  may  be  attended  with  persistent 
flexion  of  the  first  phalanges  of  the  toes  from  contracture  of  the 
unopposed  interossei.  '  There  is  also  anaesthesia  on  the  outer  half  of 
the  front  of  the  leg,  and  on  the  dorsum  of  the  foot. 

Disease  of  the  internal  popliteal  nerve  paralyses  the  popliteus,  calf 
muscles,  tibialis  posticus,  and  long  flexors  of  the  toes,  as  well  as  the 
muscles  of  the  sole.  In  addition  to  the  disability  which  characterises 
paralysis  of  the  plantar  muscles,  there  is  loss  of  the  inward  rotation  of 
the  flexed  leg,  if  the  disease  is  so  high  as  to  involve  the  branch  to  the 
popliteus,  and  there  is  also  loss  of  the  power  of  extending  the  ankle- 
joint.  Talipes  calcaneus  results  (Fig.  23,  p.  35).  The  sensory  loss 
is  anaesthesia  on  the  outer  part  of  the  back  of  the  leg  in  the  lower  half, 
and  on  the  sole. 

The  plantar  nerves  rarely  suffer  alone.  A  lesion  of  the  internal  nerve 
causes  anaesthesia  on  the  inner  part  of  the  sole,  and  plantar  surface  of 
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the  three  inner  toes  and  half  the  fourth,  together  with  paralysis  of  the 
short  flexor  of  the  toes,  the  plantar  muscles  of  the  great  toe  (except 
the  adductor),  and  of  the  two  inner  lumbricales. 

Disease  of  the  external  nerve  produces  anaesthesia  of  the  skin  on  the 
outer  half  of  the  sole,  the  little  toe  and  haK  the  fourth,  paralysis  of 
the  flexor  accessorius,  the  muscles  of  the  little  toe,  all  the  interossei, 
the  two  outer  lumbricales,  and  the  adductor  of  the  great  toe.  The 
effect  of  this  palsy  (see  p.  37)  is  serious,  since  the  toes  cannot  take 
their  proper  share  in  propelling  the  body  forward  in  walking,  and  they 
gradually  become  flexed  at  the  last  two  joints  and  extended  at  the 
others,  from  the  contracture  of  the  opponents  of  the  interossei, — a 
position  of  the  toes  that  causes  serious  inconvenience  in  walking. 

Diagnosis. — The  diagnosis  of  diseases  of  the  nerves  of  the  leg  is 
detennined  by  the  same  general  principles  as  those  that  have  been 
mentioned  as  applicable  to  the  nerves  in  general,  and  to  the  nerves 
of  the  arm  in  particular.  The  limitation  of  the  symptoms  to  the 
functional  areas  of  individual  nerve-trunks,  the  evidence  afforded  by 
nutrition  and  irritability  that  the  muscles  are  separated  from  the 
spinal  cord,  the  implication  of  the  sensory  functions,  and  often  the 
tenderness  of  the  affected  nerves,  indicate,  in  most  cases,  the  seat  of 
the  disease.  To  these  signs,  are  often  added  other  indications  of  a 
local  cause,  corresponding,  in  its  incidence,  with  the  nerve  to  which  the 
symptoms  point. 

The  relation  of  nerve-trunks  to  nerve-roots,  although  by  no  means 
simple,  is  certainly  less  complex  in  the  case  of  the  nerves  of  the  leg 
than  in  those  of  the  arm.  This  is  especially  the  ease  in  the  lumbar 
plexus,  and  it  leads  to  an  occasional  difficulty  in  diagnosis.  Pressure 
on  the  spinal  cord,  for  instance,  at  the  level  of  the  origin  of  the  fourth 
lumbar  roots,  may  cause  symptoms  identical  with  those  of  a  partial 
lesion  of  the  anterior  crural  nerve.  Paralysis  of  the  extensors  of  the 
knee,  loss  of  the  knee-jerk,  anaesthesia  in  the  front  of  the  thigh,  were 
present  from  this  cause  in  a  case  of  meningeal  gumma.  But  other 
evidence  of  a  spinal  lesion  is  rarely  absent  under  such  circumstances, 
and,  in  this  patient,  a  foot-clonus,  due  to  the  pressure  on  the  pyramidal 
fibres,  left  no  doubt  as  to  the  situation  of  the  disease.  Another  diffi- 
culty arises  from  the  long  course  of  the  nerve-roots  in  the  cauda 
equina,  disease  of  which  may  simulate  that  of  the  nerves  of  the  leg. 
But  the  symptoms  are  commonly  bilateral  in  consequence  of  the 
proximity  of  the  nerve-roots  of  the  two  sides.  In  all  cases  in  which 
symptoms  are  bilateral  (unless  there  is  evidence  of  a  disease  known 
to  cause  symmetrical  lesions,  such  as  multiple  neuritis),  the  suggestion 
is  that  the  disease  is  situated  where  the  motor  or  sensory  paths  of 
each  side  are  so  near  that  they  can  be  affected  by  a  single  lesion,  i.  e. 
that  the  disease  is  within  the  spinal  canal.  But  here,  as  in  other 
cases,  we  cannot  reverse  our  diagnostic  rules.  Disease  of  the  spinal 
cord  does  not  always  cause  bilateral  symptoms.    A  limited  lesion  of 
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one  anterior  cornu  may  be  so  placed  as  to  paralyse  tlie  muscles  supplied 
by  a  single  nerve,  and  a  doubt  may  be  felt  as  to  the  central  or  peri- 
pheral origin  of  such  palsy.  The  muscles  supplied  by  the  anterior 
crural  nerve,  and  the  muscles  in  the  front  of  the  lower  leg  supplied 
by  the  external  popliteal,  are  those  of  which  the  central  palsy  some- 
times leads  to  doubt.  But  the  mode  of  onset,  the  presence  or  absence 
of  sensory  symptoms,  the  rarity  of  acute  spinal  palsy  except  in  child- 
hood, and  of  nerve-lesions  except  in  adult  life,  the  wider  initial  pre- 
valence of  the  palsy  in  acute,  and  its  later  extension  in  chronic, 
cornual  disease, — these  suffice  as  a  rule  to  remove  any  doubt  that  may 
at  first  be  felt. 

It  is  important  to  remember  that  the  pressure  of  a  growth  may 
cause  either  a  chronic  or  an  acute  affection  of  the  nerves.  The  chronic 
symptoms  result  from  pressure ;  the  acute  from  a  neuritis  set  up  by 
the  pressure  and  irritation.  Thus  neuritis,  while  it  does  not  suggest, 
does  not  exclude,  a  cause  outside  the  nerve. 

Treatment. — The  treatment  of  diseases  of  the  nerves  of  the  leg 
must  depend,  in  each  case,  on  the  nature  of  the  lesion  and  the  character 
of  the  symptoms.  It  does  not  differ  from  that  of  disease  of  the  nerves 
of  the  arm,  and  its  general  principles  have  been  already  stated.  More 
care,  perhaps,  is  needed  to  avoid  increasing  present  mischief,  or 
inviting  a  relapse,  by  exposure  to  cold,  or  by  fatiguing  exertion.  More 
care  is  also  needed  to  obviate  the  tendency  to  secondary  contractures 
in  the  case  of  palsies  of  long  duration,  and  in  those  attended  by  pain, 
in  which  the  patient  seeks  ease  in  postures  to  which  the  muscles  only 
too  readily  adapt  themselves.  The  contraction  of  the  hamstrings, 
from  constant  flexion  of  the  knees,  is  that  which  occurs  most  readily, 
and  is  most  serious  when  the  patient  recovers  from  the  palsy,  or  loses 
the  pain,  which  led  to  the  adoption  of  the  position.  The  contracture 
of  the  calf  muscles,  which  occurs  when  the  flexors  of  the  ankle  are 
paralysed,  also  constitutes  a  serious  obstacle  to  walking  after  recovery. 
A  little  timely  care,  in  preventing  these  contractures,  will  often  save  a 
vast  amount  of  later  trouble.  That  of  the  calf  muscles,  however, 
which  is  due  to  the  extension  produced  by  the  weight  of  the  foot,  as 
the  patient  lies,  cannot  always  be  altogether  prevented. 


SCIATICA. 

As  the  word  sciatica  is  commonly  used,  it  is  a  general  designation 
for  all  affections  of  which  the  chief  symptom  is  pain  in  the  region  of 
the  sciatic  nerve.  It  is  thus  often  applied  to  the  pain  which  results 
from  pressure  on  the  nerve  in  the  pelvis,  as  by  a  tumour.  In  a  stricter 
use  of  the  word,  however,  it  is  applied  to  painful  affections  of  the  nerve 
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not  due  to  any  cause  outside  it.  The  two  varieties  may  be  distinguislied 
as  secondaiy  and  piimary  sciatica.  Primary  sciatica  is  commonly 
regarded  as  a  neuralgia.  This  view  is  probably  in  the  main  erroneous  ; 
the  vast  majority  of  cases  of  sciatica  are  really  cases  of  neuritis  of  the 
sciatic  nerve.  The  reasons  for  this  opinion  are  given  in  the  section  on 
the  pathology  of  the  disease. 

Causes. — Sciatica  is  far  more  frequent  in  males  than  in  females ; 
the  proportion  has  been  very  variously  estimated.  It  is  difficult  to 
obtain  statistics  on  the  malady  that  are  free  from  sources  of  fallacy, 
since  comparatively  few  cases  enter  general  hosj)itals.  The  incidence 
of  severe  sciatica  seems  to  be  fairly  presented  by  tbe  137  cases  tbat 
were  treated  in  the  Devonshire  Hospital,  Buxton,  during  the  year  1883, 
and  there  is  no  reason  to  suppose  that  slight  cases  differ,  in  this 
respect,  from  those  that  are  severe.  The  percentage  of  males  is  82  ; 
of  females,  18  ;  giving  a  ratio  of  4  to  1,  which  is  probably  very  near 
the  truth.  The  disease  is  unknown  in  childhood,  and  rare  in  the  second, 
decade  of  life.  It  is  most  frequent  between  forty  and  fifty,  next 
between  fifty  and  sixty,  and  next  between  thirty  and  forty.  The  per- 
centage distribution  of  the  137  cases  at  Buxton  is  as  follows : — Ten 
to  twenty,  3  per  cent. ;  twenty  to  thirty,  9  per  cent ;  thirty  to  forty, 
19  per  cent. ;  forty  to  fifty,  29  per  cent. ;  fifty  to  sixty,  26  per  cent. ; 
sixty  to  seventy,  13  per  cent. ;  over  seventy,  1  per  cent.  The  influence 
of  age  is  nearly  the  same  in  eacb  sex. 

Two  constitutional  conditions  are  potent  factors  in  the  production  of 
sciatica, — gout,  and  that  form  of  rheumatism  which  affects  cMefly  the 
fibrous  tissues  of  the  muscles.  These  two  constitutional  states  cannot 
always  be  entirely  separated,  but  many  of  the  suff'erers  are  of  opposite 
types  ;  some  are  stout,  plethoric,  distinctly  gouty ;  others  pale,  weakly, 
and  rheumatic.  It  is,  I  think,  most  common  among  those  who  are 
gouty  but  do  not  suffer  from  articular  gout.  Such  individuals  often 
bave  many  attacks.  Gouty  inheritance  is  sometimes  to  be  traced  in 
those  who  suffer  early  from  the  disease.  Syphilis  has  been  supposed 
m  some  cases  to  be  the  cause  of  a  sciatic  neuritis,  but  cases  in  which 
the  syphilitic  nature  of  the  disease  is  certain  are  extremely  rare. 

An  exciting  cause  is  to  be  traced  only  in  a  minority  of  the  cases 
Exposure  to  cold  is  the  most  common.    It  is  usually  local  exposure,  as 
by  wet  boots,  standing  in  water,  &c. ;  sometimes,  however,  a  general 
chill  of  the  body  determines  an  attack.    The  exposure  to  cold  may  be 
even  more  direct,  as  by  sitting  on  wet  grass.    I  believe  that  draughty 
water-closet  seats  are  answerable  for  some  cases.    The  neuritis  occa- 
sionally arises  by  the  extension  to  the  nerve  of  adjacent  rheumatism 
Thus  I  have  known  an  attack  of  that  form  of  lumbago  which  is  localised 
m  the  fibrous  attachments  of  the  muscles  at  the  back  of  the  sacrum 
to  pass  into  sciatica,  distinctly  by  the  rheumatic  affection  of  the  fibrous 
tissues,  extending  along  the  fasciae  to  the  nerve-sheath  in  the  neigh- 
bourhood of  the  sciatic  notch.    Mechanical  causes  also  sometimes 
excite  the  disease,  and  still  more  often  co-operate  with  other  influences 
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The  pressure  of  the  edge  of  the  chair,  in  those  who  sit  much,  is  the 
most  frequent  mechanical  cause.  Muscular  over-exertion  has  been 
thought  occasionally  to  excite  the  disease.  If  the  nerve  is  already 
tender,  a  strong  contraction  of  the  muscles  at  the  back  of  the  thigh, 
especially  when  the  knee  is  flexed,  and  the  muscles  can  freely  shorten 
and  widen,  may  produce  acute  pain  in  the  nerve,  evidently  by  its 
compression.  It  is  conceivable,  therefore,  that  this  cause  may  be 
effective  in  a  predisposed  person.  Various  morbid  processes  within  the 
pelvis  may  cause  symptoms  of  sciatica,  usually  by  acting  on  the  sacral 
plexus.  Thus  rectal  and  other  tumours,  pelvic  inflammation,  and 
inj  ury  during  labour  are  occasional  causes.  A  loaded  rectum  has  been 
thought  to  be  capable  of  producing  it.  Mechanical  congestion  of  the 
plexus  of  veins  which  lies  over  the  sacral  plexus  of  nerves  is  usually 
regarded  as  an  occasional  cause,  but  this  is  somewhat  hypothetical, 
and  its  efficiency  can  scarcely  be  demonstrated.  Lastly,  the  sciatic  nerve 
may  be  secondarily  involved  in  mischief  that  is  outside  the  pelvis.  The 
most  frequent  cause  of  this  is  disease  of  the  bone,  and  especially  disease 
of  the  hip-joint.  In  all  these  forms  of  secondary  sciatica  the  symptoms 
are  due  partly  to  pressure  on  the  nerve,  partly  to  inflammation  excited 
in  it  by  the  pressure,  or  extending  to  it  from  the  adjacent  disease. 

PATHOLOaicAL  ANATOMY. — Sciatica  being  a  disease  that  does  not 
itself  cause  death,  observations  of  the  morbid  changes  are  few.  In 
most  cases  that  have  been  examined,  distinct  evidence  of  neuritis  has 
been  found,  chiefly  involving  the  nerve-sheath,  but  extending  in  some 
cases  to  the  interstitial  tissue.  The  changes  are  those  that  have  befen 
already  described  in  the  account  of  neuritis  (p.  54).  In  recent  cases 
there  is  swelling  and  redness  of  the  sheath,  sometimes  there  are  small 
haemorrhages,  and,  in  severe  cases,  similar  but  slighter  alterations  in 
the  interstitial  tissue,  with  secondary  damage  to  the  nerve-fibres.  The 
signs  of  inflammation  are  most  intense  at  the  sciatic  notch,  and  opposite 
the  middle  of  the  thigh.  They  may  be  limited  to  one  or  both  of  these 
places,  or  they  may  be  greatest  there,  and  extend,  in  slighter  degree, 
over  a  considerable  tract  of  the  nerve. 

Symptoms. — The  chief  symptom  of  sciatica  is  pain  along  the  course 
of  the  nerve-trunk,  often  also  along  that  of  its  branches,  and  sometimes 
in  the  area  of  its  distribution.  The  affection  may  begin  suddenly, 
especially  in  cases  of  rheumatic  origin, — as  suddenly  as  lumbago. 
More  frequently  the  onset  is  gradual ;  slight  pain  is  felt  along  the 
back  of  the  thigh,  on  movements  and  in  postures  that  make  the  nerve 
tense,  or  cause  pressure  upon  it.  As  the  disease  increases,  the  pain  is 
more  readily  produced,  and  becomes  greater  in  degree,  until  at  last  the 
patient  is  free  from  induced  pain  only  when  at  rest  and  the  leg  is  in  a 
certain  position.  Any  movement  that  makes  the  nerve  tense  causes 
extreme  suffering,  and  to  avoid  this,  the  knee,  in  walking,  is  kept  slightly 
flexed,  and  the  leg  held  stiffly  so  as  to  avoid  painful  changes  in  the 
tension  of  the  nerve.  As  the  pain  on  movement  increases,  spontaneous 
pain  is  added,  at  first  chiefly  felt  in  the  nerve-trunk,  but  soon  spreading 
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to  its  branches  and  distribution.  It  is  usually  most  intense  in  certain 
spots— (1)  above  tbe  hip-joint,  near  the  posterior  iliac  spine,  (2)  at  the 
sciatic  notch,  (3)  about  the  middle  of  the  thigh,  (4)  behind  the  knee, 
(5)  below  the  head  of  "the  fibula,  (6)  behind  the  external  malleolus, 
(7)  on  the  back  of  the  foot.  The  pain  may  radiate  over  the  whole, 
distribution  of  the  nerve,  but  it  is  ofteai  so  distinctly  limited  to  the 
course  of  the  trunk  and  branches,  that  the  patient  points  these  out 
with  exactness,  when  he  indicates  the  course  of  the  pain.  It  may 
be  dull  or  acute,  and  is  often  burning  in  character.  It  may  seem  to 
dart  downwards,  often  starting  from  the  highest  point  behind  the  iliac 
bone.  As  the  pain  on  movement  increases,  the  uerve-trunk  becomes 
extremely  tender  to  pressure,  especially  along  the  back  of  the  thigh. 
Even  before  the  tenderness  becomes  considerable  it  may  often  be 
ehcited  in  the  following  manner.  Let  the  patient  sit  on  a  chair  with 
the  knee  at  a  little  more  than  a  right  angle.  If  the  finger  is  then 
pressed  into  the  popliteal  space,  so  as  to  make  the  nerve  a  little  more 
tense,  a  pain  is  felt,  shooting  up  the  course  of  the  nerve  at  the  back  of 
the  thigh.  This  is  a  very  useful  test  of  sensitiveness  of  the  nerve,  and 
is  of  diagnostic  value  in  slight  cases.  It  is  not  common  for  tender 
points  to  be  developed  in  the  periphery. 

Abnormal  sensations  other  than  pain  are  often  felt  in  the  area  of 
distribution  of  the  nerve,  tingling,  formication,  and  the  like,  and  in 
severe  cases  there  may  be  irregular  spots  of  anaesthesia  on  the  back  of 
the  thigh,  on  the  leg,  or  the  foot.  The  affection  of  sensibility  at  the 
back  of  the  thigh  indicates  that  the  disease  extends  up  the  nerve,  above 
the  sciatic  notch,  to  the  origin  of  the  small  sciatic,  or  that  this  is 
involved  in  a  simultaneous  neuritis.  In  severe  cases  the  muscles 
supplied  by  the  nerve  become  flabby,  tender  to  the  touch,  and  sometimes 
distinctly  weak  and  wasted.  This  is  chiefly  noticeable  in  the  calf 
muscles.  There  may  be  slight  alteration  in  the  electrical  irritability, 
but  this  amounts  to  a  distinct  degenerative  reaction  only  in  very  severe 
cases.  Slight  fever  and  corresponding  constitutional  symptoms  may 
attend  an  onset  that  is  acute,  or  an  inflammation  that  is  intense. 
Chronic  cases,  however,  are  usually  not  attended  by  elevation  of 
temperature. 

The  duration  and  severity  of  the  affection  are  extremely  variable.  It 
may  be  trifling  in  degree,  causing  pain  on  movement  only,  and  this 
may  pass  away  in  the  course  of  a  few  weeks.  On  the  other  hand,  the 
spontaneous  pain  may  be  so  continuous  and  intense  that  sleep  can  be 
obtained  only  by  the  help  of  narcotics,  and  the  disease  may  last  for 
many  months,  and  even  for  a  year.  Improvement  is  shown  by  the 
subsidence  of  spontaneous  pain,  followed  by  the  slow  diminution  of 
the  pain  on  movement,  and  of  the  tenderness  of  the  nerve.  The 
muscular  wasting,  that  occurs  in  severe  cases,  may  last  long  after  the 
active  stage  of  the  disease  in  the  nerve,  and  fibrillary  contractions  in 
the  muscles  that  have  been  affected  may  continue  for  years,  and  are 
sometimes  accompanied  by  a  tendency  to  painful  cramp.    The  disease 
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is  prone  to  relapse  and  still  more  prone  to  recur  after  recovery.  A 
second  attack  may  occur  in  the  same  or  in  the  other  leg,  but  both  legs 
are  scarcely  ever  affected  at  the  same  time. 

The  cases  of  secondaiy  sciatica  depending  on  disease  outside  the 
nerve,  compressing  or  irritating  it,  differ,  in  some  respects,  from  the 
primary  form.  Pain  is  felt  less  in  the  nerve-trunk  than  in  its  distri- 
bution. The  difference  is  not  absolute  ;  it  is  one  of  degree.  There  is 
rarely,  however,  the  tenderness  of  the  nerve  that  is  so  common  in 
primary  sciatica.  The  course  of  the  secondary  cases  is  also  different, 
and  depends  on  the  course  of  the  original  disease. 

Complications  of  sciatica  are  rare,  but  one  or  two  deserve  mention. 
Cutaneous  eruptions,  usually  herpetic  in  character,  have  been  occa- 
sionally  met  with.  These  sometimes  heal  slowly,  but,  in  themselves, 
they  are  unimportant.  A  graver  complication,  but  happily  a  rare  one, 
is  a  tendency  of  the  mischief  to  ascend  the  nerve.  Thus  symptoms 
may  spread  from  the  region  of  the  sciatic  to  that  of  the  lumbar  plexus  ; 
the  pain  may  spread  to  the  front  of  the  thigh,  and  the  extensors  of  the 
knee  may  become  flabby  and  weak.  This  is  probably  due  to  the 
passage  of  an  ascending  neuritis  up  the  lumbo-sacral  cord.  In  extremely 
rare  cases,  the  morbid  process  has  apparently  reached  the  spinal  cord, 
and  indications  of  cord  disease  have  thus  succeeded  those  of  a  primary 
and  apparently  simple  sciatica. 

Pathology.— The  nature  of  the  disease  has  been  already  indicated. 
The  evidence  that  the  disease  is  a  neuritis,  and  not  a  neuralgia,  is 
chiefly  threefold.  The  conditions  under  which  the  disease  occurs 
are  very  different  from  those  that  attend  unquestionable  neuralgia  in 
other  situations.  This  has  been  remarked  with  surprise,  even  by  those 
who  regard  it  as  a  neuralgia,  but  who  have  faUed  to  see  the  signifi- 
cance of  the  difference.  Secondly,  the  neuritic  nature  of  the  affection 
is  clearly  indicated  by  the  facts  of  pathological  anatomy,  scanty  though 
these  are.  Thirdly,  the  symptoms  in  severe  cases  are  proof  of  the 
existence  of  neuritis,  the  wasting  of  the  muscles  and  the  anesthesia 
indicate  structural  damage  to  the  nerve-fibres,  and  preclude  any  other 
explanation.  There  is  every  gradation  between  these  severe  forms 
and  those  which  are  slight,  and  the  symptoms  in  the  latter  are 
identical  with  those  of  the  early  stage  of  the  severe  cases. 

The  symptoms  find  their  explanation  in  the  character  of  the  morbid 
process.  The  pain  in  the  nerve  and  its  tenderness  must  be  due  to 
irritation  of  the  nervi  nervorum.  The  pain  referred  to  the  distal 
portions  of  the  nerve  is  due  to  the  irritation  of  the  proper  fibres  by 
the  interstitial  inflammation,  while  their  greater  damage  explains  the 
anaesthesia  and  muscular  wasting. 

It  may  seem  strange  that,  when  there  is  irritation  of  the  nerve-roots 
or  sacral  plexus  by  pelvic  disease,  or  of  the  trunk  by  hip-disease,  any 
pain  should  be  felt  along  the  course  of  the  nerve.  It  might  be  thought 
(and  has  indeed  been  asserted)  that  all  the  pain  should  be  referred  to 
the  peripheral  distribution  of  the  nerve.    The  explanation  is  that  the 
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"nervi  nervorum"  are  derived  from  their  own  trunk.  The  nerve 
itself  is  part  of  the  area  of  distribution  of  its  own  fibres. 

Diagnosis. — The  diagnosis  of  sciatica  rests  on  the  position  of  the 
pain — on  the  relation  of  this  to  the  trunk  of  the  nerve,  and  to  its  area 
of  distribution.  But  the  recognition  of  this  relation  does  not  alone 
suffice  for  the  diagnosis.  We  have  to  consider  the  distinction  from 
other  pains  in  the  sciatic  area,  to  discriminate,  if  we  can,  sciatic 
neui'itis  from  sciatic  neuralgia,  and  to  decide  whether  the  affection  of 
the  nerve  is  primary,  or  is  secondary  to  mischief  outside  it. 

Branches  of  the  sciatic  nerve  and  sacral  plexus  ramify  over  the  hip- 
bone, and  pain  in  sciatica  may  be  felt  near  the  hip-joint ;  hence  disease 
of  this  joint  and  sciatica  may  be  confounded.  The  pain  in  simple 
disease  of  the  hip-joint  does  not  extend  down  the  back  of  the  thigh 
in  the  course  of  the  sciatic,  a,nd  there  is  no  tenderness  of  the  nerve. 
The  danger  of  this  error  is  not  great,  if  a  careful  examination  is  made, 
and  has  been  much  exaggerated  by  writers  unfamiliar  with  the  charac- 
teristic symptoms  of  true  sciatica. 

The  distinction  between  a  sciatic  neuritis  and  a  sciatic  neuralgia  is 
sometimes  difficult,  although  less  frequently  than  might  be  inferred 
from  current  accounts  of  these  diseases,  in  which  the  history  of  the 
neuralgia  has  been  written  from  the  symptoms  of  the  neuritis.  If  we 
recognise  that  all  cases  of  sciatica  with  persistent  tenderness  of  the 
nerve,  are  really  neuritic,  cases  of  sciatic  neuralgia  become  extremely 
rare.  The  two  diseases  occur  usually  under  different  conditions :  the 
subjects  of  neuralgia  have  often  suffered  from  neuralgia  elsewhere, 
and  are  generally  weakly  and  anaemic.  The  pain  is  from  the  first 
spontaneous ;  posture  has  little  influence  upon  it ;  movement  is  not 
itself  painful,  although  it  may  excite  paroxysms  of  pain.  The  pain  is 
referred  to  the  branches  and  distribution  of  the  nerve  rather  than  to 
its  trunk,  and  tenderness  of  the  nerve,  if  it  exists,  is  altogether  sub- 
ordinate to  the  spontaneous  pain. 

Secondary  sciatica  is  usually  produced  by  disease  of  bone  about  the 
hip-joint,  or  of  the  joint  itself,  or  by  disease  in  the  pelvis.  In  the 
former  case,  a  careful  examination  (never  to  be  omitted  in  any  case 
of  sciatica)  at  once  reveals  the  mischief.  When  the  disease  is  within 
the  pelvis,  the  tenderness  of  the  trunk  of  the  nerve  is  slight  in  pro- 
portion to  the  pain,  and  this  circumstance  should  always  lead  to  a 
careful  search  for  any  indication  of  pelvic  mischief.  In  any  case  of 
doubt,  a  rectal  examination  should  be  made. 

Sciatic  pain  occurs  in  some  diseases  of  the  bones  of  the  spine,  in 
lesions  of  the  cauda  equina,  and  occasionally  in  disease  of  the  spinal 
cord  itself.  In  these  cases  we  have  no  tenderness  of  the  nerve ;  the 
pain  is  chiefly  peripheral,  and  very  often  bilateral .  Double  true  sciatica 
IS  almost  unknown,  and  bilateral  pain  should  always  suggest  disease 
of  the  nerve-roots  (see  p.  83).  The  pains  of  locomotor  ataxy  are 
often  felt  in  the  sciatic  area,  and  occasionally  follow  the  course  of 
the  sciatic  nerve,  but  their  wider  range,  their  fugitive  character,  and 
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their  association  with  other  symptoms  of  tabes,  should  prevent  an 
error. 

PROaNosis. — The  prognosis  of  sciatica,  not  dependent  on  disease 
outside  the  nerve,  is  always  good  as  regards  ultimate  recovery.  As  a 
general  rule,  the  probable  duration  of  the  disease  is  proportioned  to 
the  severity  of  the  symptoms.  The  practicability  of  adequate  rest  is 
an  important  element  in  the  prognosis.  Irritating  exertion  may 
lengthen  the  duration  of  the  disease  by  many  months. 

Treatment. — The  principles  of  the  treatment  of  sciatica  are  those 
of  neuritis  already  described,  and  only  the  points  of  special  importance 
need  be  here  repeated.  In  all  cases  rest  to  the  limb  is  of  the  utmost 
importance,  and  its  urgency  is  proportioned  to  the  severity  of  the 
symptoms.  A  slight  attack  may  pass  away,  in  spite  of  a  moderate 
amount  of  standing  and  walking,  but  many  slight  eases  are  converted 
into  severe  ones  by  unwise  exertion.  All  postures  and  all  movements 
which  increase  pain  should  be  avoided  as  far  as  possible.  The  same 
principle  applies  to  mechanical  compression  of  the  nerve  by  hard 
seats,  and  by  strong  contractions  of  the  flexors  of  the  knee.  In  more 
positive  treatment,  the  possible  causes  of  the  disease  must  be  remem- 
bered. In  gouty  cases  saline  purgatives  are  often  of  signal  service, 
and  are  distinctly  useful  in  preventing  attacks  in  those  who  are  liable. 
In  the  acute  stage  of  a  severe  attack,  hot  linseed-meal  poultices  should 
be  applied  along  the  course  of  the  nerve,  and  small  doses  of  mercury 
may  be  given  with  advantage.  Counter-irritation  is  of  great  value, 
and  cannot  be  employed  too  early.  A  commencing  attack  may  often 
be  cut  short  in  a  few  days  by  rest,  and  a  series  of  mustard  plasters 
or  small  blisters  applied  over  the  seat  of  pain,  as  this  changes  under 
their  influence,  chasing  it,  as  it  were,  from  one  spot  to  another,  until 
it  disappears.  Spontaneous  pain  can  only  be  relieved  by  sedatives. 
Morphia  is  the  surest,  but  often  an  injection  of  half  a  grain  of  cocain 
reheves  the  pain  as  effectually,  and  is  far  less  objectionable.  Cocaia 
must  be  injected  at  the  seat  of  the  pain.  The  injection  of  morphia  may 
be  made,  with  advantage,  over  the  inflamed  part  of  the  nerve,  so  as  to 
combine  cutaneous  acupuncture  with  the  sedative  influence.  Simple 
acupuncture  along  the  course  of  the  nerve  has  been  recommended ; 
it  gives  temporary  rehef  to  the  sciatic  pain,  as  does  any  superficial 
pain,  however  produced,  but  the  cases  are  very  few  in  which  it  has  a 
permanent  eff'ect.  Sedative  liniments  and  ointments  may  also  be 
applied  along  the  course  of  the  nerve ;  the  most  useful  are  belladonna 
liniment  mixed  with  an  equal  part  of  chloroform  liniment,  and  aconite 
ointment,  rubbed  in  until  distinct  tingling  is  produced.  Electricity 
is  chiefly  useful  in  the  later  stages ;  its  method  of  use  has  been 
described  in  the  account  of  the  treatment  of  neuritis.  In  very 
obstinate  cases,  nerve-stretching  has  done  good ;  sometimes,  perhaps, 
by  releasing  the  nerve  from  adhesions,  but  probably  more  often  by 
effecting  an  energetic  counter-irritation,  and  enforcing  a  beneficial 
rest. 
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The  term  "  nniltiple  neuritis,"  or  "  polyneuritis,"  is  applied  to  the 
condition  in  which  many  nerves  are  inflamed  simultaneously  or  in  rapid 
succession.  It  has  also  been  called  "  disseminated  neuritis,"  but  this 
is  an  inappropriate  name  because  a  single  nerve  may  he  the  seat  of 
disseminated  inflammation.  The  discovery  that  certain  combinations 
of  symptoms,  formerly  thought  to  depend  on  disease  of  the  spinal 
cord,  are  really  due  to  disease  of  the  peripheral  nerves,  is  one  of  the 
most  important  steps  in  the  recent  advance  of  neurology.  It  has 
profoundly  modified  many  of  our  conceptions,  not  only  of  the  processes 
of  disease,  but  of  the  range  of  action  of  certain  morbid  influences. 

The  occurrence  of  multiple  neuritis  was  first  demonstrated  by 
Dumenil,  of  Rouen  (1864),  although  the  leprous  form  had  been  pre- 
viously described  by  Virchow.  G-raves,  indeed,  long  ago  suspected 
that  many  cases  of  paralysis  were  due  to  disease  of  the  nerves,  but  he 
based  his  opinion  on  the  normal  aspect  of  the  spinal  cord  ;  and  in 
most  of  the  cases  he  describes  it  is  probable  that  modem  methods  of 
examination  would  have  revealed  central  disease.  Dumenil's  observa- 
tions attracted  little  notice,  and  it  was  not  until  fresh  facts  were  brought 
forward  by  Joffroy  (1879),  Ley  den  (1880),  and  Grainger  Stewart 
(1881),  that  attention  was  generally  directed  to  the  subject.  During 
the  last  five  years  a  large  number  of  observations  have  been  published, 
especially  by  Eichorst,  Eisenlohr,  Pitres,  and  Schulz.* 

Multiple  neuritis  presents  the  same  varieties  that  have  been  described 
in  the  general  account  of  inflammation  of  the  nerves.  The  morbid 
change  maybe  interstitial,  or  parenchymatous  and  degenerative,  or  both. 
The  pathological  forms  that  occur  cannot  yet  be  adequately  defined, 
but  five  chief  classes  may  be  distinguished.  (1)  Diphtheritic  neuritis ; 
acute  parenchymatous  degeneration  of  the  nerves  occurs  after  diph- 
theria. The  changes  are  not,  however,  confined  to  the  nerves,  and  the 
condition  is  considered  in  a  later  part  of  this  volume.  (2)  Tabetic 
neuritis  ;  in  locomotor  ataxy  degenerative  changes  are  common  in  the 
peripheral  nerves ;  they  are  usually  very  chronic,  and  it  is  perhaps 
doubtful  whether  it  is  correct  to  regard  them  as  inflammatory, 
although  they  are  identical  in  character  with  forms  which,  when  acute, 
are  commonly  so  regarded.  Except  in  their  relation  to  some  other  forms 
of  neuritis,  the  tabetic  changes  will  not  be  considered  in  this  section.  (3) 
Leprous  neuritis  ;  the  slow  interstitial  overgrowth  of  connective  tissue 
which  occurs  in  anaesthetic  leprosy.  (4)  Endemic  neuritis,  such  as  occurs 
in  the  curious  and  terrible  endemic  disease  of  Japan  called  kak-k^. 
This  form  appears  to  be  due  to  endemic  influences,  and  it  is  probable 

*  A  useful  summary  of  our  knowledge,  with  many  original  cases,  will  be  found  in 
Dr.  Buzzard's  Harveian  Lectures,  published  in  the  '  Lancet '  for  November  and 
December,  1885. 
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that  some  other  cases  of  neuritis  may  be  due  to  a  similar  cause.  (5) 
We  must  at  present  place  together  the  other  forms  of  multiple  neuritis 
common  in  this  country.  They  differ  somewhat  in  pathological  cha- 
racters, in  the  acuteness  of  their  course,  in  the  symptoms  they  pro- 
duce, and  the  causes  to  which  they  are  due.  Nevertheless  no  con- 
stant  varieties  have  yet  been  ascertained.  This  group  will  probably 
ultimately  be  subdivided,  at  present  we  can  only  distinguish  the  ten- 
dencies of  its  varieties  and  the  difference  of  its  causes.  In  the  following 
account  the  statements  made  apply  to  this  group  generally ;  endemic  and 
leprous  neuritis  will  be  separately  described  at  the  end  of  the  section. 

Etiology.— Primary  multiple  neuritis  affects  both  sexes,  but,  in  this 
country  at  least,  females  are  more  liable  to  suffer  than  males.  The 
disease  is  one  of  adult  life,  and  is  scarcely  ever  met  with  until  the  age 
of  twenty-five  is  passed.  It  is  most  common  between  thirty  and  fifty, 
but  has  been  met  with  as  late  as  sixty.  Its  most  frequent  cause,  beyond 
all  question,  is  chronic  alcoholism.  This  lesion  is  the  common  cause 
of  alcoholic  paralysis.  For  some  reason,  at  present  unfcaown,  females 
suffer  from  this  cause  far  more  frequently  than  males.  I  have 
notes,  for  instance,  of  eight  cases  of  characteristic  alcoholic  neuritis  in 
females,  and  not  of  one  in  a  male.  The  fact  is  remarkable  considering 
that  male  drinkers  are  certainly  more  numerous  than  female  drinkers. 
Apart  from  alcoholism,  the  disease  is  probably  more  common  in  males, 
but  the  influence  of  this  cause  is  so  great  as  to  determine  a  preponder- 
ance of  females  when  all  cases  are  taken  together.  In  cases  in  which 
this  cause  is  not  operative  others  can  sometimes  be  traced :  exposure 
to  cold,  extreme  and  long-continued  fatigue,  exhaustion  after  other 
maladies,  acute  and  chronic.  In  a  few  instances  the  symptoms  have 
followed  acute  or  subacute  articular  rheumatism,  but  the  disease  has 
sometimes  been  ascribed  to  rheumatism  on  insufficient  grounds,  since 
rheumatoid  pains,  referred  in  part  to  the  joints,  are  often  an  early  sym- 
ptom of  neuritis.  Nevertheless,  true  rheumatism  has  been  an  apparent 
cause  in  some  cases,  and,  as  we  have  already  seen,  single  nerves  may 
be  affected  from  the  same  influence.  Many  sufferers  from  multiple 
neuritis  have  died  from  phthisis,  but  the  nature  of  the  association  of 
the  two  diseases  is  obscure. 

It  is  probable  that  some  blood- states  allied  to  septicaemia  may  cause 
multiple  neuritis.  Thus,  a  man,  thirteen  days  after  a  stab-wound  under 
the  left  clavicle,  which  healed  well,  had  an  attack  of  parotitis  with  facial 
palsy ;  on  the  fortieth  day  there  developed  paralysis  of  the  tongue,  vocal 
cords,  and  limbs,  and  on  the  sixth  day  after  the  onset  of  these  symptoms 
he  died  from  respiratory  palsy.  Extensive  peripheral  neuritis  was  the 
only  nerve-lesion.*  In  some  instances  more  than  one  cause  is  operative ; 
exhaustion  and  exposure  to  cold  may  concur  with  alcoholism. 

Pathological  Anatomy. — The  changes  in  the  nerves  are  those 
*  Both,  •  Correspondzbl.  f.  Schweizer  Aerzte,'  1883,  No.  13. 


PATHOLOGICAL  ANATOMY. 


93 


already  described  in  the  account  of  neuritis.  They  vary,  however, 
very  much  in  different  cases.  In  some,  the  inflammation  chiefly  affects 
the  sheath  and  interstitial  tissue  ;  in  other  cases  both  the  connective 
tissue  and  nerve-fibres  are  involved,  as  in  Fig.  39,  p.  64.  This  was 
the  condition  in  the  case  of  presumably  septicsemic  neuritis  mentioned 
above.  In  others  again,  the  fibres  are  affected  chiefly  or  exclusively ; 
they  present  the  degeneration  which  when  acute  is  regarded  as  indica- 
tive of  parenchymatous  inflammation.  We  cannot,  at  present,  connect 
these  pathological  varieties  with  any  differences  in  causation.  The 
more  acute  the  case,  the  more  probable  is  it  that  the  connective  tissue 
as  well  as  the  nerve-fibres  will  be  involved. 

N^aked-eye  changes  are  present  only  when  the  connective  tissue  and 
sheath  are  inflamed  in  considerable  degree.  In  recent  and  acute  cases 
of  this  character,  the  nerves  may  be  found  reddened,  swollen,  and 
sometimes  small  haemorrhages  are  visible.  In  older  cases  they  may  or 
may  not  be  swollen,  but  are  usually  softened,  and  even  pulpy.  When 
the  changes  are  confined  to  the  nerve-fibres,  diminished  consistence 
may  be  the  only  alteration  that  can  be  recognised  with  the  unaided 
eye.  In  the  former  cases,  the  microscope  shows  the  sheath  to  be 
infiltrated  with  lymphoid  cells  (probably  leucocytes),  and  in  old 
cases  many  spindle-cells  and  fibres  increase  its  bulk.  The  same 
changes  may  be  traced  in  the  septa  between  the  fasciculi,  and  in 
the  secondary  sheaths  that  surroimd  the  latter.  The  walls  of  the 
vessels  are  also  thickened  (Fig.  52,  a).  In  recent  cases,  the  small 
vessels  may  be  surrounded  by  leucocytes.  The  fibres  themselves  are 
always  damaged  in  some  degree,  and  as  in  the  case  from  which  Figs. 
51  and  52  are  drawn,  they  may  suffer  chiefly,  the  connective  tissue 
presenting  comparatively  little  change.  In  this  case,  the  patient  was 
a  woman,  aged  33,  alcoholic  ;  the  course  of  the  disease  was  subacute ; 
the  symptoms  reached  a  considerable  degree  in  a  few  weeks,  and  the 
patient  died,  chiefly  from  coincident  liver  disease,  five  months  after 
the  onset.  The  symptoms  were  characteristic,  and  continued  up  to 
the  time  of  death.  The  condition  found  after  death  is  a  good  illus- 
tration of  the  parenchymatous  or  degenerative  form,  but  in  all  forms 
of  neuritis  the  process  in  the  nerve-fibres  is  the  same,  whether  the 
connective  tissue  is  or  is  not  much,  affected.  The  fibres  undergo  acute 
degeneration,  essentially  the  same  as  that  which  occurs  after  an  injury 
to  a  nerve.  It  has  been  represented  in  Figs.  28  (p.  40),  and  29  (p. 
42),  and,  associated  with  inflammation  of  the  sheath,  in  Fig.  39.  Ex- 
amination in  the  recent  state  reveals  abundant  products  of  the  de- 
generation of  the  fibres,  granule  corpuscles,  &c.  After  hardening,  a 
transverse  section,  stained  with  carmine,  and  cleared  in  the  usual  way, 
presents  the  appearance  shown  in  Fig.  51,  a.  There  is  a  slight  increase 
in  the  connective  tissue  between  the  fasciculi;  the  area  of  these 
is  occupied  by  tracts  of  connective  tissue,  which  under  a  higher  mag- 
nifying power  (b)  have  a  branching  form,  enclosing  spaces  which  have 
been  occupied  by  nei-ve-fibres,  and  in  some  of  which  healthy  fibres  still 
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Fia.  51. — Multiple  alcoholic  neuritis :  sections  stained  with  carmine  and  cleared. 
A.  Transverse  section  of  part  of  sciatic  nerve ;  low  power,  b.  Part  of  a  fas- 
ciculus of  same  more  highly  magnified.  0.  Part  of  a  less  affected  fasciculus 
from  a  musculo-spiral  nerve. 


Fig.  52. — Sections  from  the  same  sciatic  nerve,  stained  with  osmic  acid  and  mounted 
in  glycerine.  A.  Fasciculus  under  low  power.  B.  Part  of  a  fasciculus  more 
highly  magnified,  c.  Longitudinal  section  of  nerve-fibres.  (From  sections 
prepared  by  Dr.  Beevor.) 


remain  (c).  The  space  "between  this  tissue  is  occupied  "by  the  pro- 
ducts of  defeneration  of  the  fibres,  but  these  are  rendered  invisible 
by  the  clearing  process,  and  only  faint  indications  of  their  outline  can 
be  seen  (b).  In  sections  stained  with  osnaic  acid,  and  mounted  in 
glycerine  (Fig.  62)  these  products  of  degeneration,  stained  dark,  are 
conspicuous.  Under  a  low  magnifying  power  (a),  a  fasciculus  is  seen 
to  be  studded  with  black  granular  spots,  elongated  whei*e  the  fibres 
are  divided  obliquely ;  the  increase  in  the  tissue  between  these  de- 
generated fibres  is  distinct ;  aggregations  of  myelin  are  seen  in  the 
connective  tissue  between  the  fasciculi.  Under  higher  powers  (b),  the 
dark  spots  are  seen  to  be  the  sections  of  degenerated  nerve-fibres,  in 
some  places  two  or  more  being  blended  into  a  larger  mass.  In  a 
longitudinal  section  (c),  the  process  of  degeneration  of  the  fibres  is 
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more  distinctly  seen,  and  from  it  the  appearance  of  the  transverse 
section  can  be  better  understood.  The  white  substance  is  broken  up 
and  enlarges  the  fibre  at  some  places,  while  at  others  it  has  been 
removed,  and  the  sheath  is  left  empty.  Bound  masses  of  myelin  lie 
(on  the  left)  outside  the  Bbres.  The  nuclei  of  the  fibres  are  enlarged ; 
one,  of  considerable  size,  is  seen  in  the  centre  of  the  figure.  Connec- 
tive-tissue fibres  and  cells  lie  between  the  nerve-elements,  and  near 
the  sheath  are  round  and  spindle  cells  containing  myelin  granules  and 
globules  which  they  have  taken  up  (b). 

The  distribution  of  the  changes  in  the  nerves  varies  much  in 
different  cases.  The  signs  of  iuflammation  of  the  sheath  may  exist 
only  on  the  larger  and  medium-sized  nerves  of  the  limhs,  and  in  the 
smaller  nerves  the  changes  may  be  confined  to  the  nerve-fibres.  These 
may  be  traced  down  into  the  intramuscular  nerves  and  their  endings. 
In  some  of  these  cases,  the  latter  may  be  secondarily  degenerated. 
On  the  larger  nerves,  the  signs  of  inflammation  of  the  sheath  are  most 
intense  at  certain  spots,  especially  (as  in  simple  neuritis)  where  a 
nerve  turns  round  a  hone  or  passes  through  a  fascia,  or  divides. 
When  the  trunks  are  traced  upwards,  the  evidence  of  inflammation  of 
the  sheath,  as  well  as  the  change  in  the  fibres,  becomes  slighter,  and 
in  all  forms,  the  anterior  roots  are  usually  normal. 

In  cases  in  which  the  affection  is  chiefly  degenerative,  the  changes 
are  always  intense  in  the  peripheral  parts  of  the  nerves,  and  usually 
lessen  when  the  larger  trunks  are  reached,  becoming  progressively 
slighter,  and  the  proportion  of  normal  fibres  larger,  until  the  morbid 
appearance  ceases.  The  centripetal  extent  of  the  disease,  the  degree 
in  which  the  larger  trunks  are  affected,  varies  according  to  the  dura- 
tion and  severity  of  the  case.  In  the  case  from  which  the  illustrations 
are  taken,  even  the  sciatic  nerve  presented  few  healthy  fibres.  But 
as  usual,  the  anterior  roots  were  healthy. 

The  nerves  of  the  limbs  alone  suffer  in  the  majority  of  cases.  The 
con-espondrng  nerves  on  the  two  sides  are  usually  affected.  The 
musculo-spiral  nerve  in  the  arm  and  the  anterior  tibial  nerve  in  the 
leg  usually  suffer  first  and  in  greatest  degree,  but  often  all  the 
nerves  of  the  limbs  are  involved.  The  nerves  of  the  trunk  are 
affected  only  in  severe  cases.  Very  rarely  the  phrenic,  pneumogastic, 
facial,  and  hypoglossal  have  been  inflamed.  The  other  cranial  nerves 
escape. 

The  muscles  present  changes  of  the  same  character  as  those  which 
result  from  simple  degeneration  (see  p.  43).  They  are  paler  than 
normal  and  smaller  in  bulk.  The  fibres  are  reduced  in  size,  and  pale ; 
the  transverse  striation  may  be  preserved,  or  they  may  be  granular  ; 
normal  fibres  may  be  found  side  by  side  with  those  that  are  degene- 
rated. The  nuclei  of  their  sheaths  may  be  increased  in  number,  and 
granular,  and  pigment  masses  may  accumulate  between  the  fibres. 

The  spinal  cord  has  been  found  healthy  in  most  cases.  The  gan- 
glion-cells, in  some  instances,  have  presented  abnormal  appearances,  a 
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vitreous  appearance  or  vacuolation,  and  this  wlien  the  anterior  nerve- 
roots  were  not  diseased.  Now  and  then  more  considerable  changes, 
usually  those  of  chronic  myelitis,  have  been  found  in  the  cord.  They 
are  probably  merely  coincident. 

Morbid  appearances  in. -  other  organs  are  common  in  the  cases  of 
alcoholic  origin.  The  brain  may  present  signs  of  chronic  meningitis. 
The  liver  is  frequently,  and  the  kidneys  are  occasionally,  found 
diseased. 

Symptoms.— The  symptoms  of  multiple  neuritis  resemble  in  their 
characters  those  produced  by  inflammation  of  single  nerves,  differing, 
however,  in  their  wide  range  and  special  distribution.  The  manifesta- 
tions of  the  disease  are,  in  most  cases,  very  characteristic,  in  spite  of 
the  fact  that  the  extent  of  the  symptoms  obscures  that  relation  to 
individual  nerve  areas  which  constitutes  so  important  a  feature  of  the 
inflammation  of  single  nerves.  The  early  and  dominant  symptoms  are 
those  of  motor  palsy  and  sensory  irritation.  The  distribution  of  the 
palsy  is  especially  determined  by  the  tendency  of  the  musculo-spiral 
and  anterior  tibial  nerves  to  suffer  most.  In  consequence  of  this  there 
is  a  symmetrical  paralysis  of  the  extensors  of  the  hand  and  flexors  of 
the  foot,  with  resulting  wrist-drop  and  foot-drop  (Fig.  53).  The 
sensory  irritation  causes  pain  and  tenderness,  usually  localised  in  the 
nerve-trunks.  The  progress  of  the  disease  is  attended  by  more 
profound  indications  of  nerve  damage,  wasting  of  muscles  and 
impairment  of  sensation  in  the  distribution  of  the  most  affected 
nerve-trunks. 

The  onset  of  the  symptoms  may  be  acute  or  subacute,  but  is  rarely 
so  slow  as  to  deserve  the  name  of  chronic.    An  acute  onset  may  be 
attended  by  considerable  constitutional  disturbance,  rigors,  fever,  &c., 
and  this  may  last  for  from  one  to  three  or  four  weeks.  The  initial  pyrexia 
may  amount  to  103°  or  104°.    The  first  definite  symptom  is  usually  a 
sensation  of  tingling,  or  "pins  and  needles,"  in  the  extremities,  chiefly 
in  the  fingers  and  toes.    It  may  or  may  not  be  preceded  by  vague 
rheumatoid  pains,  but  to  it  pain  is  soon  added.    This  is  commonly 
at  first  dull  in  character,  but  speedily  increases  to  a  considerable  degree, 
and  becomes  more  acute— sharp,  darting,  or  burning  in  character.  It 
may  be  felt  along  the  course  of  the  nerve-trunks  or  in  the  area  of  their 
distribution,  and  is  sometimes  especially  severe  in  the  fingers  and  toes. 
It  is  often  increased  by  movement.    Occasionally,  in  very  chronic  cases, 
the  amount  of  pain  is  trifling.    With  the  pain  there  develops  con- 
siderable tenderness  of  the  limbs,  increased  sensitiveness  of  the  skin 
and  deeper  stifuctures.    The  nerve-trunks  usually  become  extremely 
tender,  and  sometimes  the  more  accessible  nerves,  such  as  the  ulnar, 
may  be  felt  to  be  distinctly  swollen.    The  muscles  become  very 
sensitive  to  pressure,  whether  they  are  the  seat  of  spontaneous  pain  or 
not.    This  tenderness  of  the  muscles  is  even  more  constant  than  that 
of  the  nerve-trunks.    Muscular  weakness  is  soon  added  to  the  sym- 
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ptoms  of  sensory  irritation,  although  for  a  time  it  may  be  masked  by 
the  interference  with  movement  caused  by  the  pain.  The  loss  of 
power  usually  begins  in  the  arms  as  deficient  power  of  extension  of  the 
wrist  and  fingers.  Both  arms  are  affected  together  or  in  quick 
succession.    The  palsy  resembles  that  which  results  from  lead-poison- 


FiG.  53. — Multiple  alcoholic  neuritis;  palsy  of  extensors  of  wrist  and  flexors 
of  ankle.    (From  a  photograph  by  Mr.  Hyde  Marriott,  B.Sc.) 


ing,  but  the  supinator  longus  is  usually  involved.  With,  or  soon 
after,  extension  of  the  hand,  the  power  of  flexion  of  the  ankle  and 
extension  of  the  toes  becomes  impaired.  Sometimes  the  legs  suffer 
before  the  arms,  and  occasionally  the  symptoms  are  confined  to  the  lower 
limbs.  The  flexors  of  the  hand  and  extensors  of  the  foot  suffer  less 
than  their  opponents,  but  in  cases  of  greater  severity  they  also  become 
weak.  In  these  cases  also  the  muscles  moving  the  elbow  and  knee,  and 
even  those  of  the  shoulder  and  hip,  become  feeble,  bnt  lose  all  power 
only  in  very  severe  cases,  and  in  these  the  trunk  muscles  may  be  involved. 
The  diaphragm  may  be  paralysed ;  constant  frequency  of  pulse  and 
paralysis  of  the  vocal  cords  may  indicate  a  neuritis  of  the  vagus  (Eoth, 
Yierordt)  ;  and  the  tongue  and  face  may  become  affected  (Strube) .  The 
affected  muscles  soon  become  flabby  and  waste.  The  nerves  lose  their 
electrical  excitability,  and  the  muscles  present,  in  most  cases,  the 
reaction  of  degeneration.  The  increase  of  voltaic  irritability  may  be 
slight  in  the  cases  of  chronic  course,  and  even  in  acute  cases  the  early 
increase  gives  place  to  depression  much  sooner  than  in  cases  of  focal 
neuritis  or  of  infantile  paralysis.  It  is  often  very  difficult  to  make  a 
satisfactory  electrical  examination,  on  account  of  the  extreme  sensitive- 
ness of  the  limbs.  Besides  motor  weakness,  there  is  sometimes 
distinct  inco-ordination  of  movement,  which  may  closely  resemble  that 
of  locomotor  ataxy. 

The  hypersesthesia  of  the  skin  and  deeper  structures  usually  con- 
tinues for  a  long  time,  often  through  the  entire  course  of  the  disease. 
It  is  extensive  in  most  cases,  but  has  been  known  to  be  limited  to  the 
extremities,  and  even  to  the  palms  and  soles.  As  the  neive-fibres 
suffer  in  greater  degree,  the  sensibility  of  the  skin  is  usually  impaired, 
that  to  touch  first  and  chiefly.    Increased  sensitiveness  to  pain  often 
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coexists  with  anaesthesia.  The  loss  of  sensation  is  always  greatest  on 
the  extremities,  but  may  extend  up  the  limbs,  first  along  the  outer  side 
of  the  leg,  and  the  radial  side  of  the  forearm.  It  is  rare  for  sensibility 
to  pain  to  be  lost,  but  its  conduction  has  been  delayed  in  some  cases. 

Reflex  action  in  the  affected  limbs  is  always  lost.  The  myotatic 
irritability  disappears  early.  The  knee-jerk  may  be  lost  even  before 
the  weakness  of  the  extensors  of  the  knee  has  reached  an  appreciable 
degree.  Trophic  changes  in  the  skin,  nails,  and  hairs  are  common, 
similar  to  those  met  with  in  ordinary  neuritis.  (Edema  of  the  limbs 
is  frequent  j  probably,  in  alcoholic  cases,  the  blood-state  conduces  to 
its  occurrence.  In  one  case  the  oedema  existed  only  over  the  nerve- 
trunks,  in  the  neighbourhood  of  joints  (Leyden).  Effusion  into  joints 
has  been  observed,  but  there  is  some  doubt  whether  this  was  the 
consequence  of  the  neuritis,  or  was  rheumatic  and  primary.  Slower 
changes  in  the  nutrition  of  the  joints  are  common,  and  may  lead  to 
adhesions.  The  sphincters  are  affected  only  when  there  is  also  disease 
of  the  spinal  cord. 

In  rare  cases  the  motor  weakness  is  very  slight,  the  sensory  symptoms 
exist  chiefly  in  the  periphery,  there  is  little  tenderness  of  nerve-trunks, 
and  the  inco-ordination,  already  described  as  occasionally  present,  is  a 
conspicuous  symptom.  Such  cases  present  a  close  resemblance  to  the 
symptoms  of  locomotor  ataxy,  and  the  condition  has  been  termed 
"alcoholic  pseudo-tabes,"*  or  "  alcoholic  ataxia."t 

The  course  of  the  affection  varies  according  to  its  acuteness  and 
severity.  In  cases  of  moderate  degree,  the  symptoms  increase  during 
four  or  six  weeks,  then  become  stationary,  and,  after  one  or  two 
months,  slowly  improve.  The  pains  lessen,  but  the  hypersesthesia  may 
continue  for  some  time  after  the  pains  have  ceased.  Power  slowly 
returns,  first  in  the  muscles  affected  last  and  least,  and  afterwards  in 
those  paralysed  and  wasted  in  greater  degree.-  In  these  the  weakness 
lasts  for  many  months,  and  their  opponents  are  apt  to  become 
shortened.  The  contracture  of  the  calf  muscles,  secondary  to  palsy 
of  the  flexors  of  the  ankle,  constitutes  a  grave  hindi-ance  to  the 
use  of  the  legs.  The  palsy  of  the  arms  usually  lasts  longer  than 
that  of  the  legs.  Often,  for  instance,  at  the  end  of  six  or  eight  months, 
the  legs  have  recovered  and  the  extensors  of  the  wrist  and  fingers  are 
still  feeble.  Sometimes  power  returns  first  in  the  arms.  Improvement 
goes  on  for  a  long  time,  but  occasionally  there  is  some  permanent  loss 
of  power.  It  is  remarkable,  however,  how  much  improvement  may  take 
place,  even  after  the  paralysis  has  been  considerable  for  a  year. 
Relapses  are  apt  to  occur,  but  only  when  the  cause  of  the  neuritis  is  still 
in  operation. 

On  the  other  hand,  the  disease  may  continue  to  increase  for  several 
months,  or  may  develop  with  such  acuteness  and  intensity  that  at  the 
end  of  ten  days  or  a  fortnight  there  is  complete  paralysis  of  the  limbs  j 

*  Krucke,  '  Deufc.  med.  Zeitung,'  1884,  No.  72, 
t  Dreschfeld,  '  Brain,'  July,  1884,  p.  201, 
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the  intercostals  share  the  weakness  of  the  muscles  of  the  trunk,  and,  if 
the  diaphragm  also  becomes  paralysed,  death  may  occur  from  the  failure 
of  breathing  power.  Such  cases  have  been  known  to  result  in  death 
at  the  eiid  of  six  and  ten  days.  In  other,  slightly  less  intense,  cases, 
the  patient  has  lost  all  power  of  movement,  and  has  died  at  the  end  of 
a  few  weeks  or  months,  worn  out  by  continued  pain  and  bedsores,  or 
suffocated  by  a  trifling  bi'onchitis  in  consequence  of  the  partial  palsy 
of  the  respiratory  muscles.  In  many  cases,  however,  the  immediate 
cause  of  death  has  been  associated  disease,  either  phthisis,  or  some 
other  consequence  of  alcoholism,  especially  disease  of  the  liver.  I  have 
twice  known  rapid  and  unexpected  cardiac  failure  to  cause  death  in 
alcoholic  cases.  It  may  have  been  paralytic  in  nature,  but  as  each 
patient  had  recovered  from  the  graver  symptoms,  it  is  more  likely  to 
be  due  to  degeneration  of  the  muscular  tissue  of  the  heart. 

Of  complications,  the  most  important,  beyond  those  that  have  just 
been  named,  is  mental  derangement.  This  is  confined  to  the  alcoholic 
cases.  It  may  be  acute  or  subacute,  and  consists  in  failure  of  mental 
power,  often  accompanied  by  delusions.  It  is  ultimately  recovered 
from,  if  the  patient's  habits  can  be  reformed.  When  there  is  no 
pronounced  mental  derangement  there  is  often  in  women  a  marked 
incapacity  for  endurance,  a  tendency  to  exaggerate  suffering,  and  an 
intolerance  of  remedial  measures,  which  increases  very  much  the  diflS- 
culty  of  dealing  with  these  cases. 

Pathology. — The  changes  found  in  the  nerves  afford  a  complete 
explanation  of  all  the  symptoms  of  the  disease.    The  ataxy  observed 
in  some  cases  may  be  due  to  damage  to  the  sensory  muscle-nerves.  The 
relative  affection  of  the  nerve-sheath  and  nerve-fibres  cannot  at  present 
be  explained.    The  relation  to  alcohol  suggests  that  the  neuritis  is  the 
result  of  a  direct  toxic  influence  on  the  nerve-elements  themselves.  It 
has  been  indeed  assumed  that  the  influence  is  exerted  on  special  trophic 
centres  in  the  spinal  cord  which  govern  the  nutrition  of  the  nerve- fibres 
(Erb),  but  the  existence  of  such  centres  is  not  only  not  proved  but  is 
improbable.    The  inconstancy  of  the  slight  changes  in  the  ganglion 
cells  of  the  spinal  cord,  and  the  normal  state  of  the  anterior  roots, 
preclude  the  assumption  that  the  intense  degeneration  of  the  nerve- 
fibres  can  be  the  result  of  those  alterations,  and  make  it  probable 
that  these  central  changes,  when  present,  are  an  associated  effect  of 
the  same  cause.    The  severe  general  symptoms  that  occasionally  attend 
the  onset  has  suggested  the  idea  that  the  malady  is  often  of  the  nature 
of  an  acute  specific  disease.    The  gradation  that  exists  between  these 
and  more  chronic  forms  is  an  objection  to  this  theory  ;  nevertheless  the 
hypothesis  must  not  be  thrown  altogether  aside,  since  multiple  neuritis 
in  the  Japanese  kak-ke  and  in  leprosy  seems  to  form  part  of  a  specific 
endemic  malady,  and  some  other  blood-states  may  produce  it.  On 
other  grounds  the  occurrence  of  multiple  degeneration  in  the  peripheral 
nerves  from  the  influence  of  alcohol  is  a  fact  of  great  interest  in  con- 
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nection  with  the  pathology  of  locomotor  ataxy.  We  have  seen  that 
the  symptoms  may  closely  resemble  those  of  tabes.  In  this  disease 
the  morbid  influence  acts  on  the  sensory  nerves  only.  It  seems 
probable  that  some  influences  may  act  chiefly  on  the  motor  or  on  the 
sensory  nerves,  the  incidence  being  perhaps  determined  in  part  by 
predispositions,  at  present  obscure. 

Diagnosis. — The  diagnosis  of  multiple  neuritis  depends  on  the 
combination  of  motor  and  sensory  symptoms  above  described,  on  their 
localisation  in  the  distal  parts  of  the  limbs,  and  on  the  tenderness  of 
the  nerve-trunks  and  of  the  muscles.  The  early  pains  are  often  mis- 
taken for  those  of  rheumatism,  but  their  seat  is  not  that  of  rheumatic 
pain,  and  their  association  with  tingling  in  the  extremities  should 
excite  a  suspicion  that  they  are  of  nerve  origin,  even  before  muscular 
weakness  renders  their  nature  clear.  The  symptoms  resemble  most 
closely  those  of  certain  diseases  of  the  spinal  cord,  acute  and  subacute 
inflammation  of  the  grey  matter,  polio-myelitis.  Until  recently, 
indeed,  all  cases  of  multiple  neuritis  were  looked  upon  as  spinal.  In 
each  disease  there  are  a  febrile  onset,  muscular  wasting  with  the 
reaction  of  degeneration,  initial  rheumatic  pains,  and  a  tendency  to 
the  spontaneous  recovery  of  the  least  affected  parts.  The  distinction 
rests  on  the  symmetrical  localisation  of  the  neuritic  palsy,  svhile  that 
of  polio-myelitis  is  characteristically  random  in  distribution  ;  on  the 
persistence  and  severity  of  the  neuritic  pains ;  on  the  tenderness  of 
the  inflamed  nerve-trunks;  and  on  the  anaesthesia  in  the  area  of 
their  distribution,  a  symptom  never  present  in  polio-myelitis.  Pachy- 
meningitis, damaging  the  nerve-roots,  may  cause  both  palsy,  wasting, 
and  anaesthesia,  but  in  this  all  four  limbs  are  not  affected,  and  the 
legs  rarely  suffer ;  the  anaesthesia  extends  on  to  the  upper  part  of  the 
limbs  and  trunk;  there  is  no  tenderness  of  nerve-trunks,  and  there  is 
usually  distinct  evidence  of  damage  to  the  spinal  cord  itself.  A 
mysterious  disease,  termed  "  acute  ascending  paralysis  "  may  resemble 
the  most  rapid  form  of  multiple  neuritis,  but,  in  it,  the  symj)toms 
ascend  the  trunk  to  the  arms,  and  do  not  begin  in  the  hands 
and  feet  at  the  same  time,  as  does  the  usual  form  of  multiple 
neuritis.  Moreover,  there  is  no  anaesthesia  in  the  spinal  malady. 
Diphtheritic  paralysis,  when  severe  in  degree,  may  also  be  attended 
by  muscular  wasting  and  anaesthesia,  but  there  is  no  considerable 
pain,  and  weakness  in  the  Kmbs  succeeds  that  in  the  palate  and 
ciliary  muscle.  The  distinction  of  the  pseudo-tabetic  form  from  true 
tabes  is  very  difiicult  unless  muscular  weakness  is  distinct.  There  is 
no  affection  of  the  internal  ocular  muscles,  no  loss  of  reflex  action  in 
the  iris,  no  affection  of  the  sphincters,  and  no  optic  nerve  atrophy, 
but  these  symptoms  may  be  absent  in  true  tabes.  A  history  of  alcoho- 
lism, with  these  indications,  affords  ground  for  a  presumptive  dia- 
gnosis, but  it  must  also  be  remembered  that  tnie  tabes  may  occur 
in  an  alcoholic  subject. 
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Prognosis. — In  the  early  stage  of  an  acute  case  there  is  danger 
to  life  in  proj)ortion  as  the  upper  parts  of  the  limbs  and  tmnk  are 
paralysed,  and  the  respiratory  muscles  are  thus  threatened  or  involved. 
When  the  disease  has  become  stationary,  the  danger  to  life  is  not 
great,  except  in  the  severe  cases  in  which  the  pains  are  intense,  the 
patient  helpless,  and  an  affection  of  the  sphincters  or  a  girdle  pain 
makes  it  probable  that  the  mischief  has  extended  to  the  spinal  cord. 
The  prognosis  depends,  however,  as  much  on  the  complications  as  on 
the  disease  of  the  nerves.  Organic  disease  of  the  liver,  kidneys,  or 
lungs,  always  renders  the  prognosis  grave.  The  extent  to  which  the 
habits  of  the  patient  can  be  controlled  is  an  important  element.  If 
the  danger  to  life  has  passed,  recovery  in  the  parts  least  affected  may 
be  expected  to  occur  in  from  three  to  six  months  ;  in  those  in  which 
the  muscular  wasting  is  greatest,  not  for  nine  or  twelve  months,  and 
some  permanent  weakness  may  be  left.  It  is  remarkable,  however, 
how  great  and  how  prolonged  a  loss  of  power  may  ultimately  be 
recovered  from. 


Treatment.— At  the  onset  of  an  acute  case,  the  treatment  should 
be  that  suitable  for  a  local  inflammation  or  a  morbid  blood-state. 
Absolute  rest  is  of  great  importance.  The  excitation  of  the  nerves 
involved  in  movement  is  likely  to  intensify  the  morbid  process  in 
them.  Light  nutritious  food  should  be  given,  and  the  bowels  gently 
opened.  If  alcohol  has  been  taken  in  excess,  it  must  be  reduced  to  a 
small  quantity,  or,  better  still,  if  practicable,  it  should  be  given  up 
altogether.  This  point  in  the  treatment  of  alcoholic  cases  is  of 
extreme  importance,  and  often  of  extreme  difficulty.  In  the  case  of 
every  female  drinker,  deception  should  be  considered  not  only  possible 
but  probable.  Servants  are  corrupted,  and  alcohol  is  often  taken  in 
secret,  and  absolutely  denied.  When  a  case  does  not  present  the 
improvement  that  might  reasonably  be  expected,  this  influence  will 
generally  be  found  to  be  at  work.  Hence  it  is  of  great  importance 
that  these  patients  should  be  under  the  immediate  care  of  trained 
nurses,  and  not  of  their  own  servants  or  relatives.  The  special  treat- 
ment of  the  disease  is  the  same  as  that  for  inflammation  of  single 
nerves  already  described.  Warm  poultices  or  fomentations  should  be 
applied  to  the  limbs,  and  a  daily  warm  bath,  for  twenty  minutes  or 
half  an  hour,  is  often  of  great  service.  The  general  rules  already 
mentioned  govern  the  use  of  counter-irritation  and  electricity.  A  very 
gentle  voltaic  current  may  be  applied  to  those  muscles  which  present 
mdications  of  nerve  degeneration,  but  not  until  the  most  acute  stage 
of  the  disease  is  over.  Eubbing  is  very  useful,  and  may  be  employed 
almost  from  the  first;  in  the  early  period  it  should  be  very  gentle; 
afterwards  attempts  should  be  made,  by  passive  movement,  to  lessen 
the  tendency  to  contractures.  The  extreme  sensitiveness  of  the  skin 
and  muscles,  and  the  intolerance  of  the  patients,  often  render  local 
treatment  very  difficult.    Attention  to  posture  wiU  do  much  to  prevent 
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the  occurrence  of  contractures,  but  it  is  often  impossible  to  induce  tlie 
patient  to  lie  in  any  other  position  than  that  which  favours  the  occur- 
rence of  shortening  of  the  muscles.  These  contractures  hinder  pro- 
gress during  convalescence.  Tenotomy  is,  however,  seldom  needed. 
It  is  remarkable  how  much  muscular  shortening  will  gradually  give 
way. 

During  an  acute  febrile  onset,  the  treatment  by  drugs  should  be 
that  of  the  constitutional  state :  citrate  of  potash,  nitric  ether,  and 
compound  tincture  of  bai'k  are  the  most  suitable,  and  salicylate  of  soda  is 
said  to  do  good  in  the  cases  which  follow  exposure  to  cold.  Afterwards 
iron  is  useful,  with  quinine  and  small  doses  of  strychnine  or  nux 
vomica.  Mercury  is  not  so  efficient  as  it  is  in  cases  of  simple  inflam- 
mation of  a  nerve-sheath,  and  iodide  of  potassium  has  not  seemed  to 
me  to  have  any  special  influence  on  the  disease.  In  chronic  cases,  or 
in  the  chronic  stage  of  acute  cases,  arsenic  may  be  given  with  seeming 
advantage.  Cod-liver  oil  is  beneficial  in  patients  whose  general 
nutrition  is  impaired.  The  pains  may  need  opium  or  morphia,  by  the 
mouth  or  injection,  but  these  should  be  given  as  sparingly  as  possible 
in  alcoholic  cases.  Cocain  sometimes  reheves  local  pain,  and  hypo- 
dermic injections  of  a  2  per  cent,  solution  of  carbolic  acid  have  been 
found,  by  Caspari,  to  give  relief.  Any  complications  that  may  be 
present,  in  the  nerve-centres  or  other  organs,  must  receive  appropriate 
treatment. 


Endemic  Neuritis. 

Multiple  neuritis  appears,  from  recent  researches,  to  play  the  chief 
part  in  the  production  of  the  nervous  symptoms  in  the  terrible  malady 
Imown  as  KaTc-M  in  Japan,  and  as  Beri-heri  in  other  parts  of  the  Bast 
Indies.  The  inflammation  of  the  nerves  involves  both  the  connective- 
tissue  elements  and  the  nerve-fibres.  Rapid  degeneration  of  the 
muscles  occurs.  The  spinal  cord  also  presents  changes,  but  these  are 
very  variable  in  degree,  and  are  thought  by  most  observers  to  be 
either  secondary  to  those  in  the  nerves  or  merely  coincident.  The 
disease  varies  much  in  severity,  and  in  the  most  acute  cases,  almost 
every  tissue  in  the  body  suffers.  The  chief  nervous  symptoms  are 
paralysis,  muscular  wasting,  pains,  and  "numbness"  or  "burning" 
in  the  skin ;  all  these  symptoms  being  chiefly  seated  in  the  legs.  In 
the  acute  cases,  the  nervous  symptoms  are  subordinate  to  those  of  the 
general  blood-state.  Some  form  of  malarial  poison  is  probably  the 
agent  in  the  production  of  the  disease.  It  occurs  far  more  frequently 
in  men  than  in  women,  in  young  adults  than  in  children  or  the  old, 
and  in  summer  than  in  winter.  It  is  said  to  be  especially  prevalent 
when  the  first  heat  of  summer  falls  on  a  soil  saturated  with  moisture. 

Two  cases  of  paraplegia  have  come  under  my  notice  which  were 
possibly  due  to  malarial  neuritis.    In  each  case  the  disease  developed 
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in  a  fever  district,  one  in  India,  the  other  on  the  East  Coast  of  Africa. 
The  paralysis  in  each  case  involved  chiefly  the  muscles  in  front  of  the 
leg,  flexors  of  foot  and  extensors  of  toes  ;  these  presented  well-marked 
reaction  of  degeneration ;  there  were  pains,  but  there  was  no  anaes- 
thesia. In  each  case  there  was  steady  improvement  under  treatment 
(tonics,  electricity,  &c.),  although  secondary  contracture  in  the  calf 
muscles  hindered,  for  a  time,  the  recovery  of  walking  power.  The 
facts  that  the  paralysis  was  confined  to  the  legs,  and  that  there  was 
no  anaesthesia,  seem  opposed  to  the  opinion  that  the  lesion  was 
neuritis,  but  these  cbaracters  obtain  also  in  beri-beri,  and  it  is 
possible  that  the  neuritis  which  results  from  malarial  influences  may 
affect  chiefly  the  motor  nerve-fibres. 


Lepkous  I^euritis. 


Far  removed  as  leprosy  may  seem  to  be  from  the  malady  last 
described,  both  by  its  general  character  and  extremely  chronic  course, 
it  is  certainly  also  an  endemic  disease,  and  high  authorities  have  sought 
its  cause  in  malarial  and  miasmatic  influences.  The  pathology  of 
leprosy  has  been  carried  a  step  further  than  that  of  most  endemic 
diseases,  since  the  researches  of  Carter,  Hansen,  and  Neisser  have 
proved  the  constant  presence  of  a  specific  bacillus  'n  all  the  new  forma- 
tions met  with  in  the  disease. 

The  nervous  symptoms  of  lep- 
rosy depend  almost  exclusively  on 
inflammation  of  the  nerves.  They 
are  muscular  wasting  and  anaes- 
thesia, greatest  in  degree  towards 
the  extremities  of  the  limbs. 
There  may  be  unpleasant  tingling 
sensations,  but  pains  are"  trifling, 
perhaps  because  the  process  is 
extremely  chronic.  Pig.  54  shows 
the  distribution  of  anaesthesia  in 
the  hands  in  a  well-marked  ex- 
ample of  this  disease  which  came 
under  my  observation  some  years 
ago.  The  patient  was  a  Creole 
of  Mauritius,  who  had  come  to 
England  in  early  childhood,  and 
presented  the  first  distinct  sym- 
ptoms at  twelve  years  of  age — 
changes  in  the  pigmentation  of  the  — distribution  of  ansosthesia  in  n 

skin,  anaesthesia,   and    muscular     ^^/j^f^J^P^^y-  The  black  areas  indicate 

wasting.  They  steadily  increased  during  the  next  four  years,  the 
antesthesia  extending  each  half  year  from  one  finger  to  another.  There 
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was  also  scattered  anfiestliesia  of  the  legs  below  the  knee.  As  the 
figure  shows,  the  loss  of  sensation  does  not  correspond  in  area  to  nerve 
distribution.  This  depends  on  the  fact  that  all  the  nerves,  even  those 
of  the  fingers,  are  diseased,  but  in  none  are  all  the  nerve- fibres  coni- 
naonly  destroyed.  The  muscular  wasting  was  considerable,  although 
only  in  the  small  muscles  of  the  hands  was  it  comparable  to  that  of 
progressive  muscular  atrophy.  The  electrical  excitability  of  the 
muscles  was  greatly  lowered  to  each  current. 

The  neuritis  of  leprosy  is  typically  interstitial  (Fig.  55).  The 

primary  sheath  and  the 
secondary  sheaths  of  the 
fasciculi  are  greatly  in- 
creased in  thickness,  and 
consist  of  nucleated  fibrous 
tissue    arranged  concen- 
trically (a,  b).    From  the 
sheath,  tracts  extend  into 
the  interior  of  each  fas- 
ciculus (b),  isolating  the 
groups    of  nerve-fibres. 
The  increase    of  tissue 
even  extends  between  the 
fibres  themselves  (c)  and 
these  undergo  slow  wast- 
ing ;  many  of  the  fibres  in 
the  figure  are  seen  to  be 
distinctly  narrower  than 
normal.     The  concentric 
growth  and  fibrous  tissue 
may  even  invade  the  whole 
area  of  the  fasciculus,  all 
the  nerve-fibres  perishing 
before  it  (d).    The  charac- 
teristic bacillus  of  leprosy 
is  found  abundantly,  in 
recent  cases,  in  the  new 
tissue  of  the  nerves.  Pe- 
culiar cells  are  met  with, 
infiltrated  with  the  or- 
ganisms.   As  the  fibrous 
tissue  develops  and  contracts,  the  bacilli  seem  to  perish,  and  ulti- 
mately can  no  longer  be  discovered.    The  fact  that  the  connective 
tissue  of  the  nerves  should  be  thus  clearly  one  of  the  structures  for 
■which  an  organised  virus  has  a  special  afiinity,  is  of  extreme  interest 
in  connection  with  the  action  of  the  varied  causes  of  multiple  neuritis. 


Fig.  55. — Sections  of  nerves  from  a  case  of  anses- 
tlietic  leprosy,  under  the  care  of  Dr.  Buzzard. 
A,  median  nerve  at  wrist  x  5 ;  B,  portion  of 
same  more  highly  magnified;  c,  part  of  a  less 
diseased  fasciculus  from  the  ulnar  nerve;  T>,  a 
small  fasciculus  from  median  in  which  the  con- 
centric fibres  have  invaded  the  whole  area  of  the 
fasciculus. 


PAET  III. 
DISEASES  OF  THE  SPINAL  CORD. 


INTRODUCTION. 

ANATOMY  OF  THE  SPINAL  CORD. 

The  spinal  cord,  it  will  be  remembered,  is  mucL.  shorter  than  the 
spinal  canal,  reaching  only  to  the  second  lumbar  vertebra.  Hence  the 
nerve-roots  descend  to  their  foramina  of  exit.  The  lower  they  arise, 
the  longer  is  their  intra-spinal  course.  All  those  below  the  second 
lumbar  pair  leave  the  canal  below  the  lowest  portion  of  the  cord.  It 
is  convenient  to  speak  of  the  portion  of  the  spinal  cord  from  which 
each  pair  of  nerves  arise  as  the  corresponding  "  segment  "  of  the  cord. 
The  segments  are  longest  in  the  dorsal  region,  and  shortest  in  the 
lumbar  enlargement. 

The  only  parts  of  the  spinal  column  that  we  can  feel  are  the  verte- 
bral spines.  These  are  not  all  on  a  level  with  the  bodies  of  their  ver- 
tebrae. It  is  important,  therefore,  to  know  the  relation  of  the  spines 
to  the  bodies  of  the  several  vertebrae,  and  of  these  to  the  origin  of  the 
nerves.  These  relations  are  shown  in  the  accompanying  figure  (Fig.  56) 
with  suflBcient  clearness  to  render  a  detailed  description  unnecessary.* 

Of  the  membranes,  the  pia  mater  closely  invests  the  surface,  and  is 
continuous  with  the  tracts  of  connective  tissue  that  pass  within  the 
substance  of  the  spinal  cord.  It  is  also  prolonged  along  the  nerve- 
roots  as  their  sheaths.  The  arachnoid  forms  a  much  less  close  invest- 
ment. The  dura  mater  is  not  applied  to  the  bones,  as  it  is  within  the 
cranium,  but  a  layer  of  fat  and  a  plexus  of  large  veins  intervene 
between  the  two.  An  extension  of  the  dura  mater  passes  along  each 
nerve-root,  and  blends  with  its  sheath. 

Stettctuee  of  the  Spinal  Coed. — The  general  forai  of  the  cord, 
the  enlargements  it  presents,  and  its  constitution  of  white  and  grey 
substance,  are  too  well  known  to  need  description  here.    The  whiie 

*  The  details  of  the  chief  relations  are  enumerated  in  my  '  Diagnosis  of  Diseases 
of  the  Spinal  Cord,'  3rd  ed.,  p.  6. 
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substance  surrounds  the  grey,  except  at  the  two  points  at  which  the 
posterior  horns  come  to  the  surface  (Fig.  57).    It  consists  of  medul- 

lated  nerve-fibres,  running  longitudinally. 
The  posterior  cornua  isolate  the  poste- 

1  c  rior  columns  from  the  rest  of  the  white 

2  substance.    These  posterior  columns  are 
'^^        ^     divided  by  a  median  septum  of  connec- 

tive  tissue,  and  a  little  distance  from  this 
another  incomplete  septum  (posterior  in- 
termediate septum),  and  corresponding 
to  a  depression  on  the  surface,  marks  off 
a  portion  next  the  median  septum,  the 

Df  (Oy^Ai/o/i          I  r>  "  postero-median  column,"  or  "  column  of 

GoU,"  from  the  part  next  the  posterior 
horn,  "  postero-external  column," 
"column  of  Burdach,"  or  "posterior 
root-zone."  The  latter  name  is  given 
because  the  fibres  of  the  posterior  root 
pass  through  it.  The  rest  of  the  white 
substance  is  divided,  in  the  middle  line 
in  front,  by  the  anterior  median  fissure, 
down  which  the  pia  mater  and  blood- 
vessels pass,  and  at  the  bottom  of  which 
is  the  anterior  or  white  commissure. 
Between  the  anterior  median  fissure 
and  the  posterior  cornu,  the  white  sub- 
stance is  continuous  and  undivided,  ex- 
tending round  the  front  and  side  of  the 
cord.  It  is  a.rtificially  divided  into  an 
anterior  and  lateral  column,  the  line  of 
division  being  the  outermost  of  the  ante- 
rior nerve -roots,  which  pass  through  the 
front  of  the  cord,  but  there  is  no  corre- 
sponding distinction  of  structure  or  func- 
tion. The  white  substance  varies  in 
amount  in  different  parts  of  the  cord, 
and,  as  a  whole,  lessens  gradually  from 
above  downwards  (see  Fig.  58),  To  this 
progressive  diminution  in  size  certain 
parts  constitute  exceptions. 

The  white  substance  is  everywhere 
composed  of    medullated  nerve-fibres, 
which  vary  considerably  in  size.    In  car- 
mine-stained sections  the  axis-cylinder  is 
Fig.  56.  geen  within  each  fibre,  not  always  in  the 

centre,  and  around  this  are  concentric  cloudy  lines  due  to  the  irregular 
refraction  of  the  white  substance.    Between  the  fibres  is  a  peculiar 
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Fig.  57. — Diagram  of  a  section  of  the  spinal  cord  in  the  cervical  region.  A.  c, 
anterior  commissure ;  P.  0.,  posterior  commissure ;  I.  g.  s.,  intermediate  grey  sub- 
stance; P.  cor.,  posterior  cornu  ;  c.  c.  p.,  caput  cornu  posterioris;  1.  L.  L.,  lateral 
limiting  layer ;  A.-i.  A.  T.,  antero-lateral  ascending  tract,  which  extends  along  the 
periphery  of  the  cord. 


substance,  tlie  "  neuroglia  "  or  nerve-cement,  the  exact  nature  of  which 
has  been  the  subject  of  much  investigation  and  discussion.  It  appears 
to  consist  of  an  albuminous  matrix  ;  embedded  in  this  are  fine  fibres, 
which  resist  acetic  acid,  and  these  form  a  network.  At  their  inter- 
sections are  peculiar  cells  consisting  of  a  nucleus  and  small  cell  body 
(" glia-cells,"  "cells  of  Deiters").  These  were  formerly  regarded 
as  stellate,  and  are  still  believed  to  be  so  by  many  authorities,  the 
fibres  being  looked  upon  as  their  processes,  but,  according  to  Eanvier, 
they  are  flattened  cells,  without  processes.  The  nerve-fibres,  thus 
connected,  lie  in  the  meshes  of  a  coarser  network,  formed  by  branching 
processes  of  finely  fibrous  connective  tissue,  proceeding  from  the  pia 
mater  on  the  outside,  and  from  the  grey  matter  on  the  inside.  In 
these  septa  blood-vessels  run,  and  some  are  occupied  by  nerve-fibres 
that  have  a  horizontal  course  from  one  element  of  the  cord  to  another. 
These  tracts  of  connective  tissue  unite  the  pia  mater  so  closely  to  the 
cord  that  the  membrane  cannot  be  readily  detached,  but  in  the 
intervals  between  the  septa,  the  pia  mater  and  cord  are  separated  and 
connected  by  a  very  narrow  layer,  similar  in  structure  to  that  which 
caps  the  head  of  the  posterior  horn,  the  so-called  "  gelatinous  grey 
substance."  This  also  continues  the  posterior  horn  to  the  surface 
of  the  cord  (Fig.  67).  In  the  dorsal  region,  where  the  head  of  the 
posterior  horn  proper  is  some  distance  from  the  surface,  this  tract 
of  gelatinous  substance  is  of  considerable  length.  It  fills  up  a  narrow 
fissure,  which  extends  inwards  from  the  surface. 

The  grey  substance  varies  in  shape  and  size  in  different  parts  of  the 
cord,  being  largest  in  the  cervical  and  lumbar  swellings,  and  corre- 
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sponding  to  tlie  number  and  size  of  the  nerve-roots  given  off.  The 

variations  in  shape  and  size  are 
indicated  in  the  accompanying 
figure  (58),  and  will  be  readily 
understood  by  an  examination  of 
this.  Its  division  into  anterior 
and  posterior  horns  or  cornua  is 
familiar.  The  part  on  each  side 
that  intervenes  between  the  two 
horns  may  be  conveniently  termed 
the  "  intermediate  grey  sub- 
stance." It  is  customary  to  divide 
the  grey  matter  into  two  varieties, 
"  spongy  "  and  "  gelatinous."  The 
latter  forms  a  cap  on  the  posterior 
horns,  and  is  named  on  account 
of  its  naked-eye  aspect.  The 
spongy  substance,  which  forms 
the  rest  of  the  two  comxia,  con- 
sists mainly  of  an  excessively  fine 
felty  network  of  nerve-fibrillae, 
with  some  cementing  neuroglia 
and  small  cellular  bodies,  which 
vary  in  size  and  shape.  Many  are 
angular  with  processes,  and  are 
probably  of  nervous  function. 
Through  it  course  many  larger 
nerve-fibres,  medullated  and  non- 
meduUated,  and  in  it  lie  many 
nerve-cells  of  various  sizes.  Those 
in  the  anterior  cornu  are,  for  the 
most  part,  large  "  ganglion  cells," 
nucleated,  with  many  processes. 
One  process  has  the  aspect  of  the 
axis-cylinder  of  a  nerve-fibre  (Fig. 
59),  and  can  be  sometimes  traced 
into  a  fibre  of  an  anterior  root 
(Fig.  60) .  The  other  fibres  divide 
and  subdivide,  their  ramifications 
being  lost  in  the  sponge -like  matrix 
of  the  grey  substance.  Nerve-fibres 
divide  and  join  this  ramification 
(Fig.  61).  These  cells  lie  in  groups, 

between  and  through  which  course 
Fig.  58.— Diagram  showing  the  relative  »  chipflv  from  thp 

size  and  shape  of  the  cord  and  grey  tracts  Ot  UDies,  cnieny  tiom  tUe 
matter  at  different  levels.  anterior  roots.  Other  fibres  come 

from  the  anterior  commissure,  white  columns,  and  posterior  horn.  The 


ANATOMY. 


109 


Fig.  59. 


Fig.  61. 


Fig.  59.— a  nerve-cell  from  the  anterior  cornu  of  the 

spinal  cord  of  man;  a,  unhranched  process  becoming 

the  axis-cylinder  of   a  nerve-fibre;  *,  pigment  mass. 

(After  Gerlach.) 
Fig.  60.— Nerve- cells  of  the  anterior  cornu  sending  a  pro- 
cess into  the  anterior  root.    (After  Henle.) 
Fig.  61.— a  fine  nerve-fibre  dividing  into  two  parts,  each 

of  which  joins  the  plexus  of  fibrillBB  formed  by  the 

branching  processes  of  a  nerve-cell.     From  the  spinal  cord  of  an  ox.  (After 

Gerlach.) 

ganglion  cells  are  certainly  motor  in  nature,  and  give  origin  to  at  least 
most,  and  perhaps  all,  of  the  motor  fibres  of  the  spinal  nerves.  Birge, 
in  a  careful  investigation,  found  that  in  each  segment  of  the  spinal 
cord  of  the  frog  the  number  of  nerve-cells  in  the  anterior  cornu  corre- 
sponds to  the  number  of  fibres  of  the  anterior  roots  arising  from  that 
segment. 

The  arrangement  of  the  nerve-cells  of  the  anterior  cornu  is  of  some 
practical  importance,  on  account  of  the  frequency  with  which  this  part 
is  the  seat  of  limited  lesions.  They  form,  as  already  stated,  certain 
groups,  but  these  groups  vary  in  different  regions  of  the  cord,  partly 
under  the  influence  of  the  shape  of  the  horn,  partly  irrespective  of  this, 
and  they  even  vary  in  parts  of  the  cord  that  are  near  together.  They 
are  influenced  by  the  course  of  the  tracts  of  fibres  of  the  anterior 
roots,  which  may  pass  through  a  group  and  break  it  up  into  smaller 
groups,  although  in  a  neighbouring  section  it  is  undivided  (see  Fig. 
62,  the  cervical  groups).  Hence  very  different  descriptions  have  been 
given  of  these  groups,  and  the  process  of  distinction  has  sometimes 
been  carried  too  far.  The  groups  that  can  most  readily  be  recognised 
are  the  following  : — In  the  inner  anterior  angle  of  the  cornu  is  a  small 
group,  the  inner  or  medial  group.  This  is  one  of  the  smallest,  and  is 
absent  in  some  parts  of  the  cord,  especially  in  the  lumbar  region.  A 
much  larger  group  lies  near  the  anterior  edge  of  the  horn,  in  the 
middle,  or  a  little  to  the  outer  side  of  the  middle,  the  anterior  group. 
External  to  this,  in  the  outer  extremity  of  the  front  part  of  the  horn, 
is  another  group,  the  antero -lateral  group.  These  two  groups  ai-e 
often  blended,  so  that  the  anterior  group  cannot  be  separately  distin- 
guished, as  in  the  right  hand  mid-cervical  figure.  A  third  group, 
usually  the  largest,  lies  in  the  outermost  part  of  the  horn,  behind  its 
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front,  usually  in  the  posterior  outer  angle ;  it  may  extend  inwards, 
half  way  across  the  horn.  It  is  called  the  external  or  'poBtero-lateral 
group  (p.-L.,  Fig.  62).    These  three  are  the  most  important  groups. 


Pig-.  62.' — Diagrams  of  the  groups  of  nerve-cells  in  the  anterior  cornu.  Groups  : — 
I.,  inner  or  medial;  A.,  anterior;  A.-L.,  antero-lateral ;  P.-l.j  postero-lateral  j  1. 1.  P., 
intermediate  lateral  process  ;  P.  T.  C,  posterior  vesicular  column  or  tract.  The  two 
mid-cervical  sections  are  only  a  few  millimetres  apart^  and  show  how  the  anterior 
group,  separate  in  the  one,  may  be  blended  with  the  antero-lateral  group  in  a 
neighbouring  part  of  the  cord. 

There  is  in  some  parts  also  a  middle  group,  occupying  nearly  the  centre 
of  the  horn.  In  the  small  cornu  of  the  dorsal  region  often  no  well- 
defined  groups  can  be  made  out,  but  when  any  can  be  recognised,  they 
are  generally  the  anterior  and  external. 

Similar  cells,  usually  smaller  in  size,  and  isolated,  are  scattered 
through  the  intermediate  grey  matter,  and  a  group  of  cells  of  some  size 
occupies  a  projection  which  extends  outwards  into  the  lateral  column 
in  the  lower  cervical  and  upper  dorsal  regions.  It  was  termed  by 
Loclihart  Clarke  the  "  inter  medio -lateral  tract,"  but  (on  account  of 
other  associations  with  the  words  "  lateral  tract  ")  the  projection  is 
better  designated  the  "  intermediate  process,^'  and  the  cells  the  "inter- 
mediate group  "  (i.-ii.  p..  Fig.  62).  Isolated  ganglion  cells,  medium  and 
small  in  size,  lie  in  the  posterior  horn.  These  are  often  fusiform,  with 
many  processes,  and  are  supposed  to  be  connected  with  some  of  the 
fibres  of  the  posterior  roots.  They  extend  back  into  the  caput  cornu 
posterioris. 
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In  the  louver  dorsal  and  upper  lumbar  cord,  from  the  ninth  dorsal  to 
the  third  lumbar  nerves,  a  group  of  nerve-cells  lies  in  the  inner  part 
of  the  neck  of  the  posterior  horn,  the  ''posterior  vesicular  tract"  of 
Lockhart  Clarke*  (p.  v.  c.  Fig.  62  ;  see  also  Fig.  71).  Most  of  these 
cells  are  fusiform  in  shape,  but  are  placed  vertically,  so  that  they  appear 
round  or  oval  in  transverse  section.  Some,  however,  present  processes 
that  run  forwards  or  backwards.  Nerve-fibres  pass  into  and  by  it, 
which  we  shall  consider  subsequently.  Although  this  tract  is  chiefly 
developed  in  the  lower  dorsal  and  upper  lumbar  cord,  a  few  nerve-cells 
of  similar  character  are  met  with  in  the  same  position  in  other  parts, 
and  are  occasionally  suflficiently  numerous  to  form  a  small  group. 

The  "  gelatinous  "  grey  matter  which  forms  a  cap  on  the  posterior 
horn,  caput  cormt  posterioris  (c.  c.  p.,  Fig.  67)  differs  considerably  in 
structure  from  the  rest.  It  resembles  closely  the  granule-layers  of  the 
retina  in  microscopical  aspect,  and  apparently  in  chemical  nature. 
It  has  been  described  as  made  up  of  granules,  but,  according  to  later 
researches,  consists  of  a  peculiar,  translucent  material  forming  an 
excessively  fine  network,  which  behaves  to  reagents  like  horny  material. 
Numerous  nerve-fibres  pass  through  it,  from  the  posterior  roots,  and 
these,  coursing  forwards,  seem  to  divide  it  into  columns,  as  it  is  viewed 
in  transverse  section.  Although  it  is  developed  from  the  same 
embryological  elements  as  the  true  nerve-structures,  it  has  not, 
according  to  this  view,  a  nervous  function,  but  is  to  be  regarded  rather 
as  a  supporting  structure,  specially  developed  in  connection  with  the 
sensory  nerve-roots.  Its  extent  and  position  are,  it  must  be  admitted, 
difficult  to  reconcile  with  this  view  of  its  nature.  A  few  small  ganglion 
cells  lie  in  this  gelatinous  substance,  chiefly  on  the  inner  side.  Bundles 
of  vertical  fibres  are  also  seen  in  transverse  section,  and  these  are 
often  numerous  just  above  the  cap  at,  especially  on  the  inner  side  of 
the  horn.  Most  of  these  are  fibres  of  the  posterior  nerve -roots  that 
have  a  vertical  course  for  a  short  distance.  In  Fig.  71  the  axis- 
cylinders  of  these  fibres  are  seen  to  be  changing  from  the  horizontal 
to  the  vertical  direction,  and  their  relation  to  the  posterior  root-fibres 
can  be  distinctly  traced.  These  fibres  are  sometimes  so  abundant 
that  some  of  them  probably  belong  in  part  to  the  postero-external 
columns  (posterior  ground-fibres).  The  gelatinous  substance  contains 
many  vessels,  running  for  the  most  part  vertically. 

White  Substance. — We  may  now  examine,  in  greater  detail,  the  con- 
stitution of  the  white  columns  of  the  cord,  and  the  probable  course  and 
function  of  the  fibres  they  contain.  The  analysis  has  been  greatly  aided 
by  two  facts.  The  first  (discovered  by  Tiirck)  is  that  in  certain  tracts 
in  the  white  substance  the  nerve-fibres  undergo  secondary  degeneration 
when  separated  from  their  cells  of  origin,  a  degeneration  analogous 
to  that  which,  as  we  have  already  seen,  occurs  in  the  nerve-fibres 

*  Continental  anatomists  have  done  Lockhavt  Clarke  the  questionable  honour  of 
throwing  aside  the  name  he  gave  to  this  group  and  terming  it  "  Clarke's  column." 
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outside  the  cord.  The  process  is  analogous  in  general  character,  but 
we  do  not  know  that  it  is  similar  in  histological  nature.  As  we  have 
seen,  the  degeneration  in  the  peripheral  nerve-fibres  seems  to  vary  in 
its  character  in  different  cafies.  Secondly,  in  the  developing  cord,  the 
fibres  of  different  tracts  acquire  their  white  substance  at  different 


s.a 


Fig.  63. — Diagram  of  the  elements  of  the  white  substance  at  various  levels 
of  the  spinal  cord.  (Modified  from  Flechsig.)  The  pyramidal  tracts  are 
shaded  by  short  horizontal  lines ;  the  direct  cerebellar  tract  by  dots  j  the 
posterior  median  column  by  dots  as  it  degenerates  in  disease  of  the  lowest 
part  of  the  cord  or  of  the  nerves  of  the  cauda  equina ;  the  small  circles 
in  the  forepart  of  this  column  indicate  the  area  which  degenerates  in 
disease  of  the  cervical  enlargement.  The  antero-lateral  ascending  tract 
is  shown  by  crosses.  It  is  not  represented  in  the  first  cervical  section 
because  there  are  are  no  facts,  at  present,  to  show  its  exact  position  here  ; 
it  probably  lies  chiefly  in  front  of,  and  between,  the  direct  cerebellar  and 
pyramidal  tracts,  as  0.  3.  The  anterior  ground  fibres,  lateral  limiting 
layer,  and  postero-external  column  are  left  white.  Fig.  57  should  be 
compared  with  this. 

periods,  and  the  study  of  these  differences  (by  Flechsig  especially) 
has  not  only  confirmed,  but  also  extended,  the  indications  afforded  by 
disease.    The  knowledge  we  possess  is  still  incomplete.    Some  facts 
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ascertained  have  not  yet  found  a  practical  aiDpHcation,  but  many 
others  are  of  the  utmost  imj)ortance  on  account  of  the  light  they  throw 
on  the  processes  of  disease. 

It  will  facilitate  the  study  of  the  subject  if  we  consider  first  those 
tracts  which  undergo  secondary  degeneration,  as  our  knowledge  regard- 
ing these  is  the  most  complete.  These  degenerations  are  both  ascend- 
ing and  descending.  Only  "one  set  of  fibres  degenerates  downwards, 
through  a  considerable  extent, — those  that  continue  through  the  cord 
the  anterior  pyramids  of  the  medulla.  They  commence  still  higher,  in 
the  motor  region  of  the  cortex  of  the  cerebral  hemisphere,  and  are  the 
conductors  of  voluntary  impulses.  From  their  relation  to  the  anterior 
pyramids  they  are  termed  the  pyramidal  tracts.  They  are  shaded  by 
short  horizontal  lines  in  Fig.  63  ;  compare  also  Fig.  57. 

At  the  decussation  of  the  pyramids  about  three  quarters  of  the 
fibres  usually  cross  to  the  other  side.  These  pass  down  the  cord  in  ■ 
the  lateral  column,  and  constitute,  the  lateral  (or  crossed)  pyramidal 
tract.  Those  which  do  not  decussate,  pass  down  their  side  of  the  cord, 
in  the  inner  part  of  the  anterior  column,  at  the  side  of  the  anterior 
median  fissure,  and  constitute  the  anterior  (or  direct)  pyramidal  tract. 
Flechsig  has  found  that  the  decussation  is  subject  to  many  variations. 
In  the  majority  of  cases,  the  decussating  fibres  are  between  70  and  80 
per  cent,  of  the  whole.  Sometimes  they  constitute  a  still  larger 
proportion,  and  in  one  case  (of  60  examined)  all  the  fibres  crossed. 
Sometimes  fewer  fibres  decussate,  only  one  half  or  even  less  than  half ; 
in  one  case  35  per  cent.,  in  another  only  10.  No  case  has  yet  been  met 
with  in  which  no  fibres  crossed. 

The  lateral  pyramidal  tract  occupies  the  posterior  half  of  the  lateral 
column,  outside  the  posterior  cornu.  It  extends  down  to  the  end  of  the 
cord,  even  when  it  is  originally  small,  and  in  consequence  most  pyramidal 
fibres  do  not  decussate.  Hence  the  fibres  that  most  constantly 
decussate  at  the  medulla  are  those  for  the  leg.  Through  the  greater 
part  of  the  cervical  and  dorsal  regions,  this  tract  is  separated  from  the 
surface  by  a  narrow  layer  of  fibres,  the  "  direct  cerebellar  tract."  In  the 
upper  part  of  the  cervical  region  (third  cervical  segment),  this  tract 
lies  farther  forwards,  so  that  the  pyramidal  tract  comes  up  to  the 
surface  close  to  the  posterior  cornu  (Fig.  63,  c.  3),  and  here,  if  the  tract 
is  small,  there  may  be  a  depression  on  the  surface.  In  the  lower  part 
of  the  dorsal  cord  there  is  a  similar  movement  forwards  of  the 
cerebellar  tract,  so  that  the  pyramidal  tract  again  comes  in  contact 
with  the  surface  posteriorly  (Fig.  63,  d.  12),  and  as  the  cerebellar 
tract  ceases  at  the  last  dorsal  nerve,  the  pyramidal  tract  extends  up  to 
the  surface  throughout  the  lumbar  enlargement  (Fig.  63,  l.  4).  The 
mner  side  of  the  tract  is  in  contact  with  the  hinder  part  of  the  posterior 
cornu,  near  the  surface,  throughout  the  entire  length  of  the  cord,  but 
further  forwards  it  is  separated  from  the  base  of  the  cornu  and  inter- 
mediate grey  substance  by  a  layer  of  nerve-fibres,  termed  by  E'lechsig 
the  lateral  limiting  layer  (l.  l.  l.,  Fig.  57).    Among  the  fibres  of  the 
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pyramidal  tract,  in  the  dorsal  and  cervical  regions,  are  scattered  a  few 
other  fibres  that  belong  chiefly  to  the  cerebellar  tract.  The  lateral 
pyramidal  tract  diminishes  in  size  from  above  downwards.  Its  fibres 
curve  inwards  along  the  septa  that  extend  from  the  grey  matter 
into  tlie  lateral  column,  and  they  enter  tbe  grey  matter  between  the 
anterior  and  posterior  cornua.  They  pass  inwards  and  forwards  in  the 
anterior  cornu,  and  are  then  lost  in  the  complicated  structure  of  the 
grey  matter.    Their  probable  termination  will  be  considered  presently. 

Tbe  anterior  or  direct  pyramidal  tract  (called  also  the  "  column  of 
Tiirck  ")  descends  the  cord  in  the  inner  part  of  the  anterior  column, 
adjacent  to  the  anterior  median  fissure.  Its  exact  form  and  size  vary ; 
usually  it  bounds  the  fissure  on  each  side  ;  sometimes  it  forms  only  a 
small  tract  at  the  posterior  part  of  the  fissure;  when  large,  it  not 
only  reaches  forward  to  the  front  of  the  cord,  but  causes  a  prominence 
on  the  surface  bounded  by  a  distinct  sulcus.  Its  extent  down  the 
cord,  always  less  than  that  of  the  lateral  tract,  varies  according  to  its 

size.    It  steadily  lessens  in  area,  and, 
if  originally  small,  may  not  extend 
beyond  the  middle  of  the  cervical  en- 
largement ;  if  originally  large,  it  may 
be  traced  as  far  as  the  lumbar  en- 
largement (Fig.  64)  ;  when  bearing 
the  usual  proportion  to  the  lateral 
column,  it  ceases  about  the  middle 
of  the  dorsal  region.    Hence  it  seems 
that  this  tract  contains  chiefly  fibres 
for  the  arm,  a  conclusion  which  har- 
monises with  the  fact  that  the  lateral 
tract,  even  when  small  in  the  cervical 
region,  extends  down  to  the  lumbar 
enlargement.    But  microscopical  exa- 
mination, even  of  the  developing  cord, 
throws  no  light  on  the  way  in  which 
the  fibres  of  this  tract  end.  Flechsig 
could  find  no  indication  of  their  pas- 
sage into  the  anterior  commissure ;  at 
the  same  time  his  observations  do  not 
negative  such  an  ending,  and  it  is 
certain  that  many  fibres  of  the  anterior 
commissure  come  from  anterior  columns  and  from  the  neighbour- 
hood of  this  tract.    The  probability  that  the  fibres  decussate  in  the 
cord  is  strong,  because  most  of  them  seem  destined  for  the  arm,  and  the 
relation  of  the  arm  is  almost  exclusively  to  the  hemisphere  of  the  oppo- 
site side.  It  is  therefore  probable  that  most  of  the  fibres  pass  through 
the  anterior  commissure  to  the  opposite  grey  matter. 

Disease  of  the  brain  destroying  the  motor  cortex,  or  the  fibres  which 
descend  from  it  to  the  pyramids,  causes  descending  degeneration. 


Tia.  64. — Ascending  and  descend- 
ing degenerations  from  myelitis 
of  the  mid-dorsal  region :  tlie 
upper  section  is  from  tbe  lower 
cervical,  and  shows  the  ascending 
degeneration  of  the  post.-mediau 
column  spreading  out  against  the 
commissure.  The  other  figure  is 
from  the  lower  dorsal,  and  shows 
degeneration  of  the  pyramidal 
tracts,  anterior  and  lateral. 
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limited  to  the  related  pyramidal  tracts,  anterior  on  the  same  side, 
lateral  on  the  opposite  side  (Fig. 
65).  But  in  some  cases  slight  dege- 
neration has  heen  also  found  in  the 
lateral  tract  on  the  same  side,  extend- 
ing into  the  lumbar  region.  Hence 
it  is  probable  that  some  fibres  of 
each  anterior  pyramid  find  their  way 
to  the  lateral  tract  on  the  same  side, 
and  descend  to  the  corresponding  leg. 
This  degeneration  of  the  lateral  tract 
on  the  same  side  as  the  lesion,  is 
very  marked  jiist  below  the  decussa- 
tion of  the  pyramids,  and  therefore 
cannot  be  due  to  any  lower  decussa- 
tion in  the  cord.*  We  shall  after- 
wards 'see  that  there  is  other  evi- 
dence that  each  hemisphere  of  the 
brain  is  connected  with  both  legs, 
although  chiefly  with  that  of  the 
opposite  side. 

How  do  the  fibres  of  the  pyra- 
midal tract  end  ?  They  seem  all  to 
pass  into  the  intermediate  grey  mat- 
ter, and  forwards  into  the  anterior 
cornu,  among  the  motor  nerve-cells. 
There  they  are  lost  in  the  plexus  of 
nerve-fibres.  There  is  the  strongest 
.indirect  evidence  that  they  divide  and 
subdivide,  and  that  their  ramifica- 
tions join  the  plexus  of  nerve  fibrillse 
constituted  by  the  dividing  processes 
of  the  ganglion  cells.  The  evidence 
of  this  is  twofold.  As  far  as  is  at 
present  known,  only  one  process  of 
a  ganglion  cell  becomes  an  axis- 
cylinder  ;  the  others  divide.  The 
axis-cylinder  process  passes  into  an 
anterior  root.  It  can  be  seen  to  do 
so  in  the  case  of  some  ganglion  cells 
(Fig.  60),  and,  as  we  have  seen,  the 
number  of  ganglion  cells  and  ante- 
rior root-fibres  is  the  same  in  the 
frog,  and  therefore,  presumably,  in  man.  If  so,  since  the  pyramidal 
*  Pitres.  'Arch.dc  Physiologie,'  1874.  Haddon  and  Sherrington,  'Brain.'  Jan., 
An  illustration  of  tins  bilateral  degeneration  will  be  found  ia  the  section 


Fig.  65. — Descending  degeneration  of 
the  pyramidal  tracts  in  a  case  of 
hemiplegia  from  disease  of  the  right 
cerebral  hemisphere.  (From  sec- 
tions prepared  by  Dr.  Mott.) 


1886. 

Diseases  of  the  Brain. 


OD 


SPINAL  CORD. 


fibres  are  certainly  connected  witli  the  ganglion 
cells,  the  connection  can  only  be  by  the  ramifying 
processes  of  the  cells  and  this  involves  a  division 
of  the  nerve-fibre.  The  dividing  fibre  isolated  by 
Gerlach,  and  shown  in  Pig.  61,  may  have  been 
a  branch  of  a  pyramidal  fibre.  The  second 
point  in  evidence  of  division  is  the  fact  that  the 
nerve-cells  and  root-fibres  are  many  times  more 
numerous  than  the  fibres  of  the  pyramidal  tract. 
But  all  (or  at  least  most)  of  the  motor  root- 
fibres  may  be  stimulated  throngh  the  pyramidal 
fibres,  and  therefore  the  latter  must  be  connected 
with  all  (or  most)  of  the  ganglion  cells.  This 
also  involves  a  terminal  ramification. 

It  is  worth  while  to  consider  for  a  moment  the 
whole  motor  path,  from  the  cortex  of  the  brain  to 
the  muscles.  We  may  consider  it  as  composed  of 
two  segments,  an  upper  and  lower  (Fig.  66).  Each 
consists  of  a  ganglion  cell  above,  a  nerve-fibre, 
and  the  terminal  ramification  of  the  latter.  The 
upper,  "  cerebro-spinal,"  segment  consists  of  the 
S  cortical  ganglion  cell,  and  the  pyramidal  fibre 
which  proceeds  from  the  cell,  passes  through  the 
brain  and  cord,  and  ends  by  dividing  in  the  spongy 
substance  of  the  anterior  cornu.  The  lower,  "spino- 
muscular,"  segment  consists  of  the  spinal  ganglion 
cell,  and  the  fibre  proceeding,  from  this,  passing 
through  the  anterior  root  and  nerve-tinink  to  the 
muscle,  where  it  divides  and  ramifies  on  the  muscu- 
lar fibre.  The  elements  of  the  two  segments  do  not 
probably  correspond  in  number.  Each  cortical- 
spinal  element  is  connected  with  many  spinal- 
muscular  segments.*  It  will  be  found  that  this 
conception  of  the  motor  path  conduces  to  clearer 
ideas  of  many  phenomena  of  disease. 

Fibres  degenerate  upwards  in  both  the  lateral 
and  the  posterior  columns.  We  may  consider  the 
latter  first. 

The  posterior  cohimn,  as  we  have  seen,  is  divided 
into  two  parts  by  the  imperfect  "intermediate 
*  The  terminal  ramification  of  the  lower  segment  is  a 
complex  "  end  organ,"  containing  minute  cells,  and  it  is  pos- 
sible  that  the  termination  of  the  upper  segment  is  also  an 
analogous  structure,  containing  cellular  elements. 
Tarn  of  an  element  of  the  motor  path.  TJ.  S.,  upper  segment ;  L.  s., 
't-  c  C,  cortical  cell:  S.  C,  spiunl  cell;  A.  C,  anterior  cornu;  M., 
dotted  lino  indicates  the  junction  of  the  two  segments;  s, path  from 
-roots. 


ANATOMY. 


117 


septum,"  a  narrow  " postero-median  column,"  and  a  wide  "postero- 
external column"  (Fig.  57).  Secondary  degeneration  in  part  confirms 
this  distinction,  but 


^  i  ■  ^ 


shows,  at  the  same 
time,  that  the  dis- 
tinction must  not  be 
made  the  ground 
for  a  division  of  the 
two.  If  the  posterior 
columns  are  inter- 
rupted anywhere  in 
their  course,ascend- 
ing  degeneration 
results,    and  this, 
a    short  distance 
above  the  lesion,  is 
confined    to  the 
posterior  median 
column    (Figs.  64, 
67, 68),  in  which  the 
degeneration  con- 
tinues upwards  to 
the  medulla  oblon- 
gata, and  ends  there 
in  the  grey  matter 
of  the  "post.-pyra- 
midal  nucleus."  The  • 
median  columns 
degenerate  in  the 
same  way  when  the 
lesion  is  not  in  the 
cord  but  in  the  pos- 
terior nerve-roots  of  the  cauda  equina  (Fig. 
68).    Hence,  it  is  clear  that  these  columns 
contain  long  fibres  that  are  continuous  with 
some  of  the  fibres  of  the  posterior  nerve- 
roots.*  The  contrast  between  these  degene- 
rated columns,  and  the  undegenerated  post.- 
*  This  inference  has  been  recently  contested  by 
Betcherew  on  the  ground  that  secondary  degenera- 
tion sometimes  passes  nerve-cells.     But  in  the  cen- 
tral nervous  system  of  man,  as  a  general  rule,  the 
degeneration  ceases  where  cells  interrupt  the  fibres. 
This  fact  is  so  constant  in  so  many  parts  that  con- 
tinuity of  degeneration  must  be  held  as  strong  pre- 
sumptive evidence  of  continuity  of  fibre,  until  the 
interruption  has  been  demonstrated  in  the  individual 
case. 


ri&.  67. — Ascending  degene- 
ration in  the  postero- median 
column  and  antero-lateral 
ascending  tract.  The  cord 
was  crushed  at  the  first  lum- 
bar segment. 


Fig.  68. — Degenei-ation  after 
injury  to  the  cauda  equina. 
C  a,  b,  c,  upper  middle  and 
lower  cervical ;  Da,  upper; 
b,  c,  lower  dorsal ;  L  a, 
upper  ;  and  L  b,  middle  lum- 
bar region.  (After  Schultze.) 


118 


SPINAL  OORD. 


external  columns,  tlirough  the  greater  part  of  tlie  cord  above  the 
lesion  (Fig.  67)  is  very  sti-iking,  and  justifies  the  distinction  between 
the  two.  But  just  above  the  lesion  the  degeneration  is  not  con- 
fined to  the  median  columns ;  it  spreads  out  into  the  post.-external 
columns,  especially  towards  the  posterior  surface,  and  the  more 
extensively,  the  nearer  to  the  lesion,  until  close  above  this  the  whole 
extent  of  the  posterior  columns  is  diseased,  except  a  small  area 
close  to  the  posterior  cornu,  sometimes  only  in  the  anterior  part. 
This  is  true  whatever  be  the  seat  of  the  lesion,  whether  it  be  in  the 
cervical  (Fig.  69),  dorsal,  or  lumbar  (Fig.  70)  parts  of  the  cord,  and  if 


Fig.  69.  Fig.  70. 


Fig.  69. — Degenerations  after  a  lesion  of  the  cord  in  the  lower  part  of  the  cervical 
region.  A,  highest  cervical ;  B,  middle  cervical  1|  cm.  above  lesion.  Degeneration 
of  the  posterior  median  columns,  spreading  slightly  in  &  and  widely  in  b  into  the 
post.  ext.  col.  The  circumferential  degeneration  is  probably  composed  of  the  direct 
cerebellar  tract  and  the  antero-lateral  ascending  tract.  C,  upper  dorsal  2  cm.  below 
lesion.  Degeneration  of  the  lateral  pyramidal  tracts  ;  "comma-shaped"  degenera- 
tion in  front  of  the  post.  ext.  col. ;  slight  degeneration  of  the  anterior  ground 
fibres. 

Fig.  70. — Ascending  degeneration  after  injury  to  the  lowest  part  of  the  spinal 
cord  and  sciatic  nerve-roots  arising  from  it.  A,  cervical ;  B,  lower  dorsal ;  C,  junction 
of  dorsal  and  lumbar  regions;  D,  middle  of  lumbar  enlargement.    (After  Schultze.) 

it  is  in  the  cauda  equina,  the  degeneration  spreads  out  in  the  same 
way  in  the  lumbar  enlargement  (Fig.  68).  This  seems  to  show  that 
all  the  way  up  the  cord,  fibres  pass  to  the  post. -median  column  from 
the  post.-extemal  column,  and  that  these  are  fibres  from  the  poste- 
rior roots  is  highly  probable  in  the  lower  part  of  the  cord,  and 
therefore  probable  also  in  all  parts.  As  the  fibres  ascend  the  cord 
in  the  median  column,  they  come  to  lie  posteriorly  in  proportion 
as  their  source  is  lower.    Those  from  the  sciatic  nerves,  for  instance. 
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in  the  lower  cervical  cord,  only  occupy  the  posterior  half  of  the  columns 
(Fig.  70).  Those  from  the  whole  lumbar  enlargement,  or  whole  cauda 
equina  (Fig.  68)  reach  forward  to  the  commissure  in  the  lower  cervical 
region,  spreading  out  a  little  near  the  commissure,  where,  however,  the 
degenei-ation  is  much  less  dense  than  it  is  behind.  Above  the  middle 
of  the  cervical  enlargement,  the  degeneration  from  a  lesion  in  the 
dorsal  or  lumbar  regions,  does  not  extend  forwards  beyond  the  junc- 
tion of  the  anterior  and  middle  third  of  these  columns,  but  if  the 
lesion  is  in  the  cervical  region,  the  degeneration  extends  up  to  the 
commissure,  even  at  the  level  of  the  second  cervical  segment  (Figs. 
69,  A,  64),  showing  that  the  fibres  from  the  cervical  roots  occupy  the 
anterior  portion  of  these  columns. 

The  root-fibres  that  pass  to  the  post. -median  column  through  the 
hinder  part  of  the  post.-external  column  apparently  do  not  decussate. 
This  is  not,  however,  the  only  source  of  fibres  to  the  post.-median 
column.  Fibres  pass  to  it  (1)  from  the  neck  of  the  posterior  horn, 
across  the  anterior  part  of  the  post.-external  column,  curving  backwards 
(Fig.  71,  x)  ;  many  of  them  extend  almost  to  the  postero-median  sep- 
tum. They  come  from  the  layer  of  fibres  that  lies  on  the  inner  part  of 
the  neck  of  the  cornu,  on  the  inner  side  of  the  post. -vesicular  column, 
whei'e  this  exists.  Some  of  them  may  be  distinctly  seen  to  turn  back- 
wards in  the  neck  as  if  they  come  either  from  the  posterior  roots  or  from 
cells  near  the  caput  cornu.  But  it  is  possible  that  some  of  them  may 
be  fibres  from  the  post,  commissure.  (2)  From  the  posterior  commissure 
in  the  middle  line.  These  are  very  numerous  and  conspicuous  in  the 
lumbar  enlargement.  They  course  backwards  in  the  septum  and  then 
pass  outwards  on  each  side  into  the  adjacent  column.  Flechsig 
believes  that  these  are  posterior  root-fibres.  They  may  easily  decussate 
in  the  septum,  but  such  decussation  has  not  been  proved. 

In  the  lower  lumbar  region  there  is  a  narrow  tract  of  fibres  close  to 
the  posterior  median  septum,  that  is  apparently  of  different  nature 
from  the  rest  of  the  column.  It  is  lenticiilar  on  transverse  section  and 
is  indicated  by  the  clear  area  in  l.  4,  Fig.  63,  and  faintly  in  L  b.  Fig. 
68.  It  is  distinguished  by  a  difference  in  time  of  development 
(Flechsig)  and  by  freedom  from  the  secondary  degeneration  that 
involves  the  rest  of  the  column. 

It  is  very  doubtful  whether  all  the  fibres  that  enter  the  postero- 
median columns  continue  in  these  to  the  brain.  Some  certainly  do, 
but  the  upward  increase  in  size  of  the  columns  seems  to  be  far  too 
small  for  the  accommodation  of  all  the  fibres  that  seem  to  pass  to  them. 
At  the  same  time  we  have,  at  present,  no  indication  of  the  mode  in 
which  fibres  leave  these  columns. 

At  the  medulla  oblongata  this  column  becomes  filled  with  nerve- 
cells,  the  "post.-pijramidal  nucleus"  so  called  because  the  highest  portion 
of  this  column  has  been  termed  the  posterior  pyramid  of  the  medulla. 
The  discovery  that  the  fibres  of  this  column  are  continuous  with  the 
nerve-roots  invests  the  post. -pyramidal  nucleus  with  considerable 
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importance  since  its  nerve-cells  are  the  first  with  which  these  root- 
fibres  are  connected.  The  upward  degeneration  of  the  post.-modian 
fibres  implies  upward  conduction ;  but  their  precise  function  is  still 
uhceiftain.  It  will  be  further  considered  in  connection  with  the 
localization  of  function  in  the  cord. 

The  postero-external  column  ("  column  of  Burdach,"  "  posterior 
root-zone,"  Charcot)  consists  chiefly  of  vertical  fibres.  Many  of 
the  posterior  root-fibres  pass  through  it,  horizontally  or  obliquely 


Fig.  71. — Posterior  cornu  and  column  at  the  last  dorsal  segment.  P.M.  C,  postero- 
median column  ;  p.  E.  C,  postero-external  column;  p. M.S.,  posterior  median  sep- 
tum; P.  C,  posterior  commissure;  v,  commissure  vein.  P.  V.  c,  posterior  vesicular 
column  ;  0.  0.,  caput  cornu ;  P.  B.,  posterior  root ;  a,  an  artery  ;  d,  d,  d,  adjacent 
to  a  strip  of  the  lateral  column,  indicate  the  tracts  of  fibres  passing  from  the 
vicinity  and  interior  of  the  posterior  vesicular  column  along  the  septa  of  the 
lateral  column,  to  form  the  direct  cerebellar  tract ;  x,  x,  tracts  of  fibres  passing 
from  the  neck  of  the  horn,  near  the  post,  vesic.  col.,  to  the  post.-median  column. 

(!Pig.  67).  Most  of  these  curve  inwards  to  the  posterior  horn,  but 
the  secondary  degeneration  just  described  seems  to  show  that  some 
must  also  pass  obliquely  upwards  and  inwards  to  the  median 
column.  Across  the  anterior  part  fibres  also  pass,  as  just  described, 
between  the  neck  of  the  posterior  horn  and  the  median  column.  The 
other  vertical  fibres  of  the  external  column,  "  posterior  ground  fibres" 
of  Plechsig,  have  apparently  only  a  short  course,  since  they  only 
degenerate  for  a  few  centimetres  above  or  below  a  lesion.  The  longest 
descending  degeneration  is  of  a  comma-shaped  bundle,  in  the  middle 
of  the  anterior  third  of  the  column  in  the  dorsal  region,  which  degene- 
rates downwards  for  four  or  five  centimetres  (Pig.  69).  These  vertical 
fibres,  of  short  course,  may  connect  the  grey  matter  of  the  posterior 
horn  at  different  (but  adjacent)  levels.  This  column  is  larger  in  the 
enlargements  than  it  is  in  the  dorsal  region,  partly  in  consequence  of 
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the  larger  number  of  root-fibres  in  the  former.  Above,  it  also  ends  in 
a  grey  nucleus. 

The  function  of  this  ..column  is  still  unknown,  although  much 
interest  attaches  to  it  as  the  seat  of  the  special  central  lesion  in^  loco- 
motor ataxj.  How  far  the  inco-ordination  of  this  disease  depends  on 
damage  to  the  root-fibres  that  pass  through  the  column,  or  to  fibres 
that  connect  the  grej  matter  at  different  levels,  is  still  unknown.  We 
shall  return  to  the  question  when  discussing  the  disease. 

The  "direct  cerebellckr  tract"  is  another  column  of  fibres  which 
degenerate  upwards.    It- forms  a  layer  at  the  periphery  of  the  lateral 
column,  outside  the  pyramidal  tract  (Fig.  57),  but  does  not  extend 
through  the  whole  length  of  the  cord,  ceasing  at  the  level  of  the  first 
lumbar  nerve  (Fig.  63).    The  anterior  part  of  the  tract  (as  seen  in 
section)  does  not  extend  forwards  beyond  the  anterior  level  of  the 
lateral  pyramidal  tract,  but,  as  we  shall  presently  see,  there  are  other 
fibres  in  front  of  it  that  also  degenerate  upwards,  and  these  have  given 
rise  to  an  erroneous  opinion  that  the  cerebellar  tract  extends  farther 
forwards  than  it  actually  does.    But  at  the  level  of  the  second  cervical 
nerves,  and  also  in  the  lowest  part  of  the  dorsal  region,  the  tract  lies  a 
little  anterior  to  its  position  in  the  rest  of  the  cord,  and  hence  at  these 
places,  as  we  have  seen,  the  pyramidal  tract  comes  to  the  surface 
behind  the  cerebellar  tract,  close  to  the  posterior  nerve-roots,  up  to 
which  elsewhere,  the  cerebellar  tract  extends.    The  tract  increases 
somewhat  in  size  from  below  upwards,  and  hence  receives  fibres 
throughout  its  course,  but  the  chief  bulk  of  its  constituent  fibres  enter 
it  at  the  level  of  the  lowest  dorsal  and  first  lumbar  nerves,  i.  e.  at  its 
lowest  part.    These  fibres  come  from  the  grey  substance,  coursing  to  it 
through  the  lateral  column,  along  the  septa  that  cross  the  pyramidal 
tract  from  the  grey  matter.    In  the  latter  these  fibres  are  conspicuous 
objects  at  this  level  (Fig.  71),  passing  transversely  and  obliquely  from 
the  front  of  the  posterior  vesicular  tract.    Into  this  many  of  them  can 
be  traced  ;  others  change  their  direction  and  become  vertical,  probably 
passing  into  the  vesicular  tract  at  a  different  level.    It  is  probable  that 
the  fibres  come  from  the  tract ;  the  cerebellar  tract  is  chiefly  formed  at 
that  part  of  the  cord  at  which  the  posterior  vesicular  column  is  chiefly 
developed,  and  the  cells  of  this  column  have  been  found  atrophied  when 
the  cerebellar  tract  is  degenerated  *  Besides  the  fibres  that  are  gathered 
into  the  compact  tract,  others,  belonging  to  its  system,  ascend  among 
those  of  the  adjacent  lateral  pyramidal  tract.  ^ 
The  cerebellar  tract  only  degenerates  when  a  lesion  of  the  cord  is  at 
or  above,  its  place  of  origin,  the  junction  of  the  dorsal  and  lumbar 
regions.    If  the  lesion  is  in  the  lumbar  enlargement,  as  in  the  case 
shown  m  Fig.  67,  the  tract  does  not  degenerate.    At  the  level  of  the 
first  cervical  nerve  (where  the  pyramidal  tract  leaves  the  lateral 
column  to  cross  into  the  anterior  pyramid  of  the  medulla)  the 

»  E.g.  by  Minkowski,  '  Deut.  Arch.  f.  kl.  Med.,'  Rd.  xxxiv,  p.  433.  Slight  degene- 
ration of  the  pyramidal  tracts  was  the  only  other  lesion. 
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cerebellar  tract  lies  in  front  of  the  "  grey  substance  of  Rolando," 
(formed  from  the  caput  cornu  posterioris)  and  passes  up,  in  the  resti- 
form  body,  to  the  cerebellum.  We  have  no  definite  knowledge  of  its 
function.  It  certainly  conducts  upwards,  and  Flechsig  thinks  it  may 
conduct  impressions  from  the  muscles  of  the  trunk. 

Wo  have  seen  that  the  lateral  pyramidal-  tract,  although  in  contact, 
behind,  with  the  head  of  the  posterior  cornu,  does  not  extend  quite 
up  to  the  neck  of  the  horn  or  to  the  intermediate  grey  substance, 
the  two  being  separated  by  "  lateral  limiting  layer  "  of  vertical  fibres, 
in  part  broken  up  by  processes  from  the  grey  matter.  In  the  upper 
cervical  cord,  and  also  to  a  less  extent  in  the  dorsal  cord,  this  layer 
extends  forwards  outside  the  anterior  horn.  It  consists  of  fine  fibres 
that  pass  into  the  grey  matter,  forming. curves,  some  with  the  convexity 
downwards,  others  with  the  convexity  upwards.  This  course,  and  the 
fact  that  the  tract  does  not  degenerate  through  any  considerable 
extent,  suggests  that  its  fibres  have  but  a  short  course,  and  connect 
the  grey  matter  at  different  levels. 

Tlie  rest  of  the  lateral  column  in  front  of  the  pyramidal  tract  is 
termed  by  Flechsig  the  anterior  mixed  lateral  zone,  because  its  fibres 
vary  in  size,  course,  and  date  of  development.  Secondary  degeneration , 
however,  as  I  pointed  out  some  years  ago,*  enables  us  to  distinguish 
a  band  of  fibres  lying  immediately  in  front  of  the  pyramidal  and 

cerebellar  tracts,  which  degenerates  up- 
wards throughout  the  cord.  The  zone  ex- 
tends across  the  lateral  column,  as  a  band 
which  is  largest  in  area  near  the  periphery 
of  the  cord,  where  it  fills  up  the  angle  be- 
tween the  pyramidal  and  cerebellar  tracts, 
and  it  reaches  the  surface  of  the  cord  in 

^     ^„    ^    .  ,  ,     front  of  the  latter  tract ;  it  then  extends 

Fig.  72. — Cervical  section.    As-  .  -i  p  .i         .  • 

cending  degeneration  in  post.-  forward  in  the  periphery  ot  the  anterior 
med.  col.  and  ant.-lat.  ascending  column,  almost  to  the  anterior  median 
Srdr.f;Si™."  IfZ  a-ure.  n  may  be  convemeitly  termed 
section  prepared  by  Dr.  Mott.)    the  antero-lateral  ascending  tract.  (Figs. 

67;  63,  crosses;  and  67).  It  has  often 
been  confounded  with  the  cerebellar  tract,  and  it  is  this  which  has 
given  rise  to  the  impression  that  the  cerebellar  tract  extends  farther 
forwards  than  it  really  does.  In  the  lumbar  region,  the  tract  lies 
across  the  lateral  column  on  a  level  with  the  posterior  commissure,  from 
which  its  fibres  probably  come  (Fig.  63,  l.  4).  In  the  upper  cervical 
(ib  ,  c.  3)  it  extends  also  between  the  pyramidal  and  direct  cerebellar 
tract,  and  probably  occupies  a  similar  position  at  the  level  of  the  first 
cervical.  This  tract  has  recently  been  found  by  Betcherew  to  undergo 
development  at  a  different  period  from  the  rest  of  the  lateral  column. 
It  is  almost  certainly  a  sensory  tract,  and  physiological  facts  seem  to 
show  that  its  fibres  are  connected  with  the  posterior  roots  of  the 
*  '  Diagnosis  of  Diseases  of  the  Spinal  Cord,'  first  ed.,  1879. 
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opposite  side.  Filbres  probably  pass  to  it  through  the  whole  length 
of  the  cord  and  these  ai-e  mingled  together,  so  that  the  degeneration 
from  a  lesion  of  the  lower  part  of  the  cord  is  not  dense.* 

Some  fibres  of  the  anterior  part  of  the  lateral  column  are  large  in 
size,  and  curve  upwards  and  downwards  into  the  anterior  horn.  They 
must  be  of  short  course,  and  may  be  fibres  of  the  anterior  nerve-roots, 
which  ascend  and  descend  to  nerve-cells  on  a  different  level  from 
that  of  the  roots  by  which  they  leave  the  cord. 

The  fibres  of  the  anterior  column,  excluding  the  anterior  pyramidal 
tract,  are  termed  by  Plechsig  the  anterior  ground-fibres  (Fig.  57). 
They  are  not  separable,  structurally  or  by  development,  from  those 
of  the  lateral  limiting  layer,  and  it  is  doubtful  bow  far  the  distinction 
of  the  two  is  warranted.  The  ground-fibres  do  not  degenerate  through 
any  considerable  extent  of  the  cord,  and  some  probably  connect  the 
anterior  comua  at  different  levels.  Moreover,  some  of  th.e  fibres  pass 
to  tbe  anterior  commissure,  and  thus,  by  the  agency  of  these  columns, 
a  connection  may  be  established  between  the  two  anterior  cornua  at 
different  levels. 

As  far  as  investigations  have  hitherto  gone,  tbe  direction  in  which 
fibres  degenerate,  in  the  central  nervous  system,  is  the  direction  in 
which  they  conduct.  We  may  therefore  feel  reasonably  sure  that  the 
fibres  that  degenerate  downwards  from  the  brain,  or  upwards  to  the 
brain,  conduct  as  they  degenerate,  and  through  the  same  extent. 
But  we  cannot  affirm  that  the  tracts  which  do  not  degenerate  through 
any  considerable  extent,  do  not  form  part  of  conducting  paths  to  or 
fi'om  the  brain.  All  we  can  feel  sure  of  is  that  they  do  not  constitute 
a  continuous  conducting  path,  such  as  the  pyramidal  tracts  and  the 
tracts  that  present  a  continuous  ascending  degeneration. 

The  commissure  of  the  spinal  cord  lies  between  the  bottom  of  the 
anterior  fissure  and  the  posterior  columns,  and  in  it  alone  is  there  a 
passage  of  fibres  from  one  half  of  the  cord  to  the  other.  It  consists 
of  two  parts,  an  anterior  or  white,  and  a  posterior  or  grey  commissure. 
The  white  commissure  YSbries  in  thickness  in  different  parts  of  the  cord, 
and  is  largest  in  the  lumbar  region.  It  is  composed  of  medullated 
fibres,  which  cross  in  the  commissure  in  such  a  manner  that  the 
anterior  fibres  on  each  side  pass  out  in  the  posterior  part  of  the 
commissure  on  the  other  side.  The  fibres  in  front  pass  into  the 
anterior  white  column,  those  behind  into  the  grey  substance ;  hence 
they  appear  to  establish  a  connection  between  the  anterior  column  of 
one  side  and  the  anterior  cornu  of  the  other.  Whether  they  go  to 
ganglion  cells  or  to  the  anterior  nerve-roots  is  not  known.  It  is  not 
likely  that  any  considerable  number  of  fibres  have  the  latter  termina- 
tion, but  some  are  thought  to  pass  from  the  roots  of  one  side  to  the 
inner  group  of  nerve-cells  of  the  opposite  cornu  (Laiu-a  and  Pick). 

*  Other  illustrations  of  the  degeneration  of  this  tract  will  be  found  in  the  section 
on  Locomotor  Ataxy.  For  an  example  of  its  degeneration  and  references  to  previous 
observations,  see  Tooth, '  St.  Bartholomew's  Hospital  Reports,'  1885,  p.  137. 
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Some  fibres,  moreover,  pass  across  the  intermediate  grey  substance, 
and,  reaching  the  lateral  column,  assume  a  vertical  direction.  It  is 
probable  that  some  fibres  are  decussating  fibres  of  the  direct  pyramidal 
tract,  so  that  part  of  the  anterior  commissure  is  to  be  regarded  as 
a  continuation  of  the  decussation  of  the  pyramids.  Lastly,  a  few 
fibres  of  the  anterior  commissure  have  been  thought  to  come  from  the 
posterior  nerve-roots. 

The  grey  commissure  contains  very  fine  meduUated  nerve-fibres,  a 
large  number  of  which  pass  backwards  in  the  posterior  horn  of  each 
side,  and  appear  to  be  continuous  with  the  fibres  of  the  posterior  roots. 
It  is  highly  probable  that,  by  this  means,  a  considerable  number  of  the 
posterior  root-fibres  cross  (or  fibres  from  cells  in  which  the  root- 
fibres  end),  and  that  thus  the  partial  decussation  of  the  sensory 
path  in  the  cord  is  effected,  which  is  known  to  take  place  a  short 
distance  above  the  entrance  of  the  nerves.  If  the  grey  commissure 
consisted  only  of  root-fibres,  it  has  been  estimated  that  it  could  contain 
only  about  one  half  of  those  of  the  posterior  roots.  Some  of  the  fibres 
that  thus  cross  doubtless  find  their  way  to  the  antero -lateral  ascending 
tract  in  the  opposite  lateral  column.  Others  leave  the  commissure 
in  the  middle  line,  and  pass  backwards  to  the  posterior  median 
column,  but  whether  these  decussate  or  not  we  do  not  know. 

Within  the  grey  commissure  is  the  central  canal  of  the  spinal  cord, 
lined  with  epithelium,  and  surrounded  by  granular  material,  similar  in 
nature  to  that  which  caps  the  posterior  horn.  It  is  often  filled  up  in 
adult  cords. 

The  course  of  the  root-fibres  remains  to  be  considered.  The  anterior 
roots  pass  through  the  anterior  columns  in  bundles  which  are  distribu- 
ted through  an  area  of  the  column  approximately  corresponding  to  the 
width  of  the  anterior  surface  of  the  cornu.  In  the  grey  substance, 
fibres  from  most  of  these  bundles  pass  in  three  different  directions, 
outwards,  inwards,  and  directly  backwards  in  the  middle  of  the  horn, 
and  thus  cross  each  other  and  the  fibres  from  the  anterior  commissure. 
Many  of  the  fibres  enter  the  groups  of  nerve-cells  and  certainly  end  in 
these  cells.  Some  of  those  that  pass  outwards,  enter  the  lateral  white 
column  ("  mixed  zone  ")  and  probably,  after  a  short  course  in  this, 
re-enter  the  grey  matter  at  a  higher  or  lower  level.  Some  of  the  fibres 
that  pass  inwards  may  pass  through  the  commissure  to  the  opposite 
anterior  horn. 

The  posterior  root-fibres,  although  arranged  in  a  continuous  vertical 
series  at  their  surface  attachment,  divide  into  two  sets,  one  of  which 
passes  through  the  "caput  cornu  posterioris"  (Fig.  71),  the  other 
through  the  adjacent  part  of  the  post.-external  column  (Fig.  57).  The 
former  course  through  the  gelatinous  substance,  sometimes  in  a 
compact  bundle  (Fig.  71),  sometimes  in  curves  of  which  the  concavity 
is  turned  towards  the  centre  of  the  head.  Some  of  the  fibres  bend  into 
a  longitudinal  direction  above  the  caput  (Fig.  71)  and  are  seen  in  section 
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as  rounded  bundles.  After  a  short  vertical  course,  upwards  or  down- 
wards, these  fibi-es  again  pass  forwards  into  the  horn.  OE  the  fibres 
that  pass  through  the  postero-external  column  many  pass  inwards  and 
enter  the  posterior  cornu  in  front  of  its  head.  These  have  not  all  a 
horizontal  course ;  some  pass  obliquely  upwards  or  downwards.  Some 
may  even  have  a  vertical  direction  for  a  short  distance.  It  is  not  likely 
that  any  fibres  of  the  posterior  roots  pass  far  upwards  in  the  postero- 
external column,  but  it  is  probable  that  some  pass  inwards,  through 
this  column,  to  the  postero-median  column,  since  the  secondary  degene- 
ration of  the  posterior  median  column  extends,  below,  into  the  outer 
column,  when  it  is  due  to  disease  of  the  roots  outside  the  cord. 

In  the  posterior  horn,  many  fibres  of  each  set  pass  to  the  posterior 
commissure ;  others  are  believed  to  go  to  the  posterior  vesicular  tract 
(where  this  exists)  while  some  pass  forwards  into  the  anterior  cornu, 
chiefly  towards  the  outer  group  of  nerve-cells,  and  a  few  pass  towards 
the  anterior  commissure.  It  is  probable  that  the  fibres  that  pass  to  the 
posterior  vesicular  tract  are  connected  with  its  cells,  whether  directly 
or  indirectly  through  their  ramifying  processes  and  the  spongy  plexus, 
we  do  not  know.  Those  that  pass  towards  the  posterior  commissure  are 
probably  interrupted  by  nerve-cells  in  the  posterior  cornu, 

Blood-stjpply  to  the  Spinal  Coed. — The  arterial  supply  is  con- 
stituted by  small  branches,  derived  from  the  vertebrals,  intercostals, 
and  other  arteries,  which  reach  the  cord  by  the  anterior  and  posterior 
roots.    The  anterior  pass  for  the  most  part  inwards,  to  the  anterior 
median  fissure,  where  they  are  connected  by  vertical  branches,  con- 
tinuous in  direction,  which  are  described  as  the  "anterior  spinal  artery." 
Branches  also  pass  backwards  into  the  anterior  median  fissure,  at  the 
bottom  of  which  they  divide,  and  the  small  arteries  enter  the  cord, 
passing  outwards  through  the  anterior  commissure,  and  again  dividing 
in  the  grey  substance.   Small  branches  reach  the  lateral  column  (Eoss). 
The  fibres  of  the  anterior  commissure  are  displaced  by  the  vessels,  and 
hence,  in  section,  the  commissure  often  appears  to  be  interrupted. 
The  posterior  spinal  arteries  give  branches  to  the  caput  cornu  poste- 
rioris,  which  course  upwards  and  downwards  in  it  (a,  Fig.  71),  and  then 
divide  into  small  branches  which  extend  outwards  and  inwards,  rami- 
fying in  the  pia  mater.    Prom  this  ramification,  arterioles  pass  inwards 
mto  the  white  substance  along  the  connective-tissue  septa,  send  off 
mmute  twigs  among  the  nerve-fibres,  and  end  in  the  grey  substance 
The  branches  into  the  lateral  column  do  not  reach  the  grey  substance 
the  branches  in  the  grey  substance  extend  into  the  inner  part  of  the 
lateral  column. 

The  veins  of  the  cord  pass  in  two  directions.    Some,  especially  those 
of  the  white  substance,  pass  outwards  along  the  septa,  and  those  on 
the  surface  of  the  sides  and  back  of  the  cord  are  gathered  into  a 
posterior  spmal  vein."    Others,  especially  of  the  grey  matter,  pass 
inwards  to  a  large  vertical  veia  that  lies  in  the  grey  commissure, 
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a  little  distance  from  the  central  canal  on  each  side  (v.  Fig.  71,  com- 
pare also  Fig.  57),  from  which  branches  pass  foi-wards  to  the  anterior 
median  fissure,  and  through  this  to  an  "  anterior  spinal  vein."  The 
anterior  and  posterior  spinal  veins  deliver  their  hlood,  through  com- 
municating veins,  into  the  huge  venous  plexuses  ttiat  lie  outside  the 
dura  mater,  and  which  receive  blood  also  from  the  bones,  and  from 
the  structures  and  skin  behind  the  spine.    But  the  veins  of  the  spinal 
cord  cannot  be  injected  from  these  plexuses,  not  because  there  are 
valves  in  the  connecting  branches,  but  apparently  because  they  form 
so  trifling  a  proportion  of  the  total  connections.    From  the  plexuses 
blood  passes  to  the  various  vertebral,  cervical,  and  intercostal  veins.* 
Although  there  is  a  vertical  continuity  of  the  vessels  of  the  cord, 
it  is  probable  that  the  course  of  the  circulation  is,  in  the  main,  hori- 
zontal.   From  the  very  tortuous  course  of  the  path  by  which  arterial 
blood  enters  the  cord,  it  is  evident  that  the  pressure  to  which  the 
arteries  of  the  cord  are  exposed  must  be  far  lower  than  that  in  the 
arteries  of  the  brain,  and  hence  they  are  far  less  liable  to  degeneration 
and  to  rupture.    On  the  other  hand,  the  conditions  that  prevent  an 
injection  of  the  plexus  of  veins  outside  the  dura  mater  from  passing 
into  the  veins  of  the  cord,  must  save  the  latter  from  the  extreme  over- 
distension to  which  they  would  otherwise  be  liable,  when  there  is  a 
hindrance  to  the  return  of  blood  from  the  plexus. 


FUNCTIONS  OF  TRE  SPINAL  CORD. 

We  are  now  in  a  position  to  consider  the  functions  of  the  spinal 
cord,  and  the  structures  by  which  they  are  subserved.  The  functions 
are  these :— (1)  The  conduction  of  motor  nerve  impulses  from  the 
brain  and  sensory  impulses  to  it.  (2)  The  spinal  cord  constitutes  a 
series  of  centres  for  reflex  action.  (3)  It  contains  certain  centres  that 
ultimately  govern  nervous  action  in  structures  under  the  immediate 
control  of  the  sympathetic  system  of  nerves,  the  bladder,  rectum, 
blood-vessels,  &c.  (4)  It  influences  the  nutrition  in  all  parts  to  which 
its  nervous  control  extends. 

MoTOB  CoNDircTiON.— We  have  already  seen  that  the  path  of 
motor  impulses  is  through  the  pyramidal  fibres  (in  the  anterior  and 
lateral  pyramidal  tracts),  the  anterior  comua,  and  the  anterior  nerve- 
roots.  The  ganglion  cells  form  part  of  the  path,  and  so  also  probably 
does  that  part  of  the  plexus  of  fibrillee  in  the  comu  which  intervenes 
between  the  pyramidal  fibres  and  the  ganglion  cells.    We  have  also 

*  A  fuller  account  of  the  vessels  of  the  cord  will  he  found  in  some  papers  hy  Dr. 
Ross,  in  •  Brain,'  vol.  iii,  p.  80.  At  present  we  are  not  able  to  make  a  practical 
application  of  fuller  details  than  are  given  iu  the  te.^ct  above. 
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seen  that  the  path  may  be  regarded  as  consisting  of  two  segments,  an 
upper,  cerebro-spinal,  and  a  lower  spino-muscular  (see  p.  116).  The 
conduction  in  the  cord  is  chiefly  on  the  side  opposite  to  the 
hemisphere  of  the  brain  in  which  the  impulses  originate,  to  a  less 
extent  on  the  same  side  in  the  upper  part  of  the  cord  (anterior 
pyramidal  tract),  the  path  crossing  lower  down  by  the  anterior  commis- 

!sure.    The  fibres  for  the  leg,  however,  probably  pass  in  part  down  the 
lateral  tract  of  the  same  side,  establishing  thus  a  connection  between 
the  leg  and  both  hemispheres  of  the  brain.    This  is  probably  true  also 
i  of  the  path  to  the  bilateral  muscles,  such  as  the  intercostals,  and  to 
other  muscles  of  the  trunk,  and  likewise  to  those  muscles  that  pass 
j  from  the  trimk  to  the  arm,  muscles  that  are  often  used  with  their 
'  fellows  on  the  opposite  side.    None  of  these  muscles  are  ever  com- 
pletely and  j)ermanently  paralysed  by  a  lesion  on  one  side  of  the  brain. 
We  do  not  know  whether  this  relation  is  subserved  in  any  degree  by 
fibres  of  the  direct  pyramidal  tract. 

The  fibres  of  the  anterior,  motor,  nerve-roots,  all  of  which  can 
probably  be  stimulated  through  the  pyramidal  tracts,  are  far  more 
numerous  than  the  fibres  of  these  tracts.  The  latter  apparently  end 
in  a  complex  mechanism,  constituted  by  the  motor  nerve-cells  and 
fibrillary  network.  This  mechanism  is  such  that  the  stimulation  of 
certain  pyramidal  fibres  excites  to  action  a  much  greater  number 
of  nerve-cells,  so  connected  and  arranged  as  to  produce,  through  the 
related  nerve-roots,  a  complex  movement  in  which  many  muscles  may 
take  part.  The  nerve-cells  thus  connected  may  not  all  be  at  precisely 
the  same  level,  and  only  some  of  those  at  a  given  level  may  be  thus 
associated.  The  simpler  the  movements,  and  the  fewer  their  possible 
variations,  the  fewer  pyramidal  fibres  may  sufl&ce  for  the  production  of 
the  movements.  Thus  it  is  conceivable  that  for  such  movements  as 
those  of  the  intercostal  muscles,  which  are  simple  and  constant,  very 
few  pyramidal  fibres  may  suffice,  whereas  a  much  larger  number  must 
be  necessary  for  the  highly  variable  movements  of  the  hand. 

Eepeesentation  of  Movements  in  the  Spinal  Cord.  It  is 

important  to  inquire  how  far  we  can  identify  these  various  motor 
mechanisms  of  the  anterior  grey  matter.  There  are  several  sources  of 
information  on  this  subject.  We  have  already  seen  that  the  arrange- 
ment of  fibres  in  the  anterior  roots  is  such  as  to  associate  certain  move- 
ments with  certain  nerve-roots,  and  it  is  a  reasonable  assumption  that 
this  corresponds,  to  some  extent  at  least,  with  the  arrangement  in  the 
grey  matter.  The  sources  of  our  information  on  this  point  are  the 
limited  facts  of  anatomy,  rare  cases  of  restricted  disease  of  the  nerve- 
roots  in  man,  and  especially  the  experiments  of  Ferrier  and  Teo  on 
monkeys.  We  have  already  considered  the  indications  that  these 
experiments  afEord,  and  their  suggestiveness,  and  we  have  seen  that  their 
value  is  relative  rather  than  absolute.  As  regards  the  grey  matter,  we 
must  remember  also  that  there  may  not  be  a  strict  horizontal  corre- 


128 


SPINAL  CORD. 


spondence  between  the  nerve-roots  and  the  nerve-cells,  because  it  is 
probable  that  some  root-fibres  enter  the  antero-lateral  white  columns, 
and  are  connected  with  nerve-cells  at  a  higher  or  lower  level  than  that 
at  which  they  leave  the  cord.    Another  source  of  information  is  the 
degeneration  of  nerve-cells  that  follows  slowly  on  an  amputation  of  a 
limb,  and  the  condition  of  the  spinal  cord  in  congenital  absence  of 
part  of  a  limb.    The  last  and  most  important  source  of  information  is 
supplied  by  cases  of  limited  disease  of  the  anterior  cornua,  in  which 
the  position  of  the  lesion  and  the  distribution  of  the  resulting  palsy 
can  be  compared.    Destruction  of  nerve-cells  causes  degeneration  of 
the  motor  fibres  proceeding  from  them,  and  wasting  of  the  muscles  to 
which  those  motor  fibres  proceed.    This  alone  affords  us  certain  know- 
ledge.   Cases  of  clear  significance  are,  however,  rare,  and  it  will  be 
long  before  our  knowledge  can  be  complete.    Meanwhile,  we  may 
learn  something  of  the  central  association  of  muscles  by  observing 
what  muscles  are  most  frequently  paralysed  together  by  such  disease. 
This  subject  has  been  carefully  studied  by  E.  Eemak*  and  many 
valuable  isolated  observations  have  been  published.    It  is  only  the 
associations  which  are  frequent  that  can  be  allowed  significance, 
because  it  is  not  uncommon  to  have  more  than  one  focus  of  disease  in 
the  grey  matter.    The  following  summary  presents  the  conclusions 
that  seem  probable  from  the  evidence  at  present  available.! 

The  various  facts  for  the  most  part  fully  confirm  the  conclusion  of 
Eemak,  corroborated  by  the  experiments  of  Ferrier  and  Yeo,  that 
most  movements  and  muscles  are  represented  in  vertical  tracts,  and  the 
whole  anterior  grey  matter,  at  any  one  nerve-segment,  contains  cells 
that  are  concerned  with  different  movements.  An  extensive  lesion  of 
small  vertical  extent  may  thus  weaken  many  movements,  but  abolish 
none.  The  special  representation  of  the  muscular  function,  i.  e., 
of  definite  movements,  is  no  doubt  related  to  special  groups  of  nerve- 
cells,  but  a  single  group  may  be  concerned  in  more  than  one  associated 
movement.  Different  groups  are  probably  intimately  connected, 
because  we  know  that  the  contraction  of  any  muscle  is  accompanied 
by  a  slighter  but  proportioned  contraction  of  its  antagonists.  Anato- 
mical connections  in  both  spinal  cord  and  brain  doubtless  underlie 
this  association. 

Cervical  Enlargement.— We  are  chiefly  concerned  with  the  lower  brachial 
part  of  this  region,  that  below  the  fourth  cervical.  The  upper  part  contains 
centres  for  the  muscles  of  the  neck,  especially  for  the  stemo-mastoid  and  upper 
pai-t  of  the  trapezius.  The  diaphragm  is  probably  represented  in  the  grey 
matter  at  the  level  of  its  nerve-roots,  the  fourth  cervical.  In  the  brachial  region 
of  the  cervical  enlargement,  the  muscles  of  the  shoulder  are  represented  chiefly  in 
the  upper  part ;  the  intrinsic  muscles  of  the  hand  in  the  lower  part.    The  flexors 

*  '  Archiv  f.  Psychiatric,'  vol.  ix. 

t  A  useful  summary  of  the  evidence  up  to  the  middle  of  1884,  was  given  by  Dr. 
Allen  Starr,  in  the  '  American  Journal  of  Neurology,'  Aug.  and  Nov.,  1884.  The 
subject  is  a  tempting  one  for  theory,  but  it  is  very  important  to  keep  to  the  solid 
ground  of  facts,  however  limited  it  may  be  in  extent. 
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of  tte  elbow  are  represented  above  its  extensors ;  and  tlie  supinators  and  ex- 
tensors of  the  wrist  above  the  flexors  of  the  wrist. 

Deltoid, scapular  muscles, pectoralis,  and  serratus. — Fifth  and  sixth  segments, 
for  the  most  part  the  sixth,  and  probably  the  outer  group  of  nerve-cells.  The  cen- 
tres for  the  two  pai-ts  of  the  pectoralis  are  separate,  and  are  associated — the  cla- 
vicularwith  that  of  the  serratus  magnus,  the  costal  with  that  of  the  latissimus  dorsi 
(seep.  26).  These  associated  muscles  are  represented  near  together,  but  not  at  the 
same  spot ;  the  association  is  often  present  in  disease  of  the  anterior  cornu,  but 
one  muscle  may  be  affected  without  that  which  is  commonly  associated  with  it. 

The  Flexors  of  the  elbow  and  supinators  probably  coiTespond  nearly  in  level 
with  the  deltoid.  The  whole  of  this  series  of  muscles  may  be  affected  alone  by 
disease  of  the  nerve-roots  (see  p.  77)  or  of  the  grey  matter,  and  then  we  have 
the  "  upper  arm  type  "  of  palsy,  described  first  by  Erb. 

Extensor  of  the  elbow  {triceps)  :  probably  the  middle  of  the  brachial  region, 
chiefly  the  seventh  segment,  extending  down  to  tbe  eighth,  and  perhaps  up  to 
the  sixth,  possibly  chiefly  in  the  outer  group  of  nerve-cells. 

The  Extensors  of  the  wrist  are  represented  above  those  of  the  elbow ;  probably 
cbiefly  at  the  sixth  or  sixth  and  seventh  segments,  and  not  from  the  postero- 
external, but  from  the  other  groups.  Flexors  of  the  wrist :  below  the  extensors, 
nearly  on  the  same  level  as  tbe  extensors  of  the  elbow,  at  the  seventh  and  eighth 
segments,  and  probably  also  from  one  of  the  outer  groups  of  cells.  The. jpro- 
nators  have  nearly  the-  same  representation  as  the  flexors  of  the  wrist. 

Long  Extensors  of  the  fingers :  upper  part  of  the  brachial  region,  about  the 
level  of  the  sixth  or  between  it  and  the  seventh  segment,  probably  from  one  of 
the  anterior  groups  of  cells  ;  not  from  the  postero-lateral  group.  Long  Flexors 
of  the  fingers :  below  the  extensors ;  probably  seventh  or  eighth  segments. 

Intrinsic  muscles  of  the  hand :  lowest  part  of  the  brachial  region,  and  the 
thenar  muscles  a  little  higher  than  the  interossei ;  the  latter  being  represented 
in  the  first  dorsal  segment.*  The  intrinsic  muscles  are  probably  related  less  to 
the  outer  groups  of  cells  than  to  the  inner  and  anterior  groups.  We  have  seen 
that  this  is  probably  true  also  of  the  long  extensors  of  the  fingers.  The  two 
groups  of  muscles  often  act  together,  and  their  central  connection  was  ill^^strated 
by  a  case  of  concussion-lesion  of  the  cord  under  my  care,  in  which  the  two  outer 
interossei  were  paralysed  and  wasted,  and  also  tbe  part  of  the  long  extensor 
supplying  these  two  fingers,  but  no  other  muscles. 

Lumbar  Enlargement. — Our  knowledge  of  the  representation  of  muscles  in 
the  lumbar  enlargement  is  very  slight,  and  we  have  scarcely  any  definite  facts 
concerning  their-  relation  to  the  cell-groups.  The  postero-external  group 
preponderates  over  the  others  in  size,  even  more  tban  in  the  cervical  cord,  and 
doubtless  also  in  importance.  The  few  pathological  observations  of  changes  in 
the  several  groups  are  not  altogether  consistent.  The  chief  facts  available  relate 
to  the  probable  segmental  level  and  association  of  the  centres,  and  are  as  follow : 
Cremaster,  second  lumbar  segment.  Psoas,  second,  iliacu^  third  lumbar ;  the 
two  muscles,  one  in  function,  are  probably  related  to  a  group  of  cells  extending 
through  both  segments.  Adductors,  fourth  lumbar  segment.  Gluteal  muscles 
(extensors  of  hip),  fourth  and  fifth  lumbar  segments. 

*  This  is  the  indication  of  the  majority  of  cases.  Nevertheless  Sahli  has  recorded 
a  case  of  atrophy  of  all  the  intrinsic  muscles  of  the  hand,  in  which  the  lesion  did  not 
extend  below  the  seventh  cervical :  the  eighth  cervical  and  first  dorsal  segments  were 
perfectly  normal.  I  have  seen  a  case  of  atrophy  limited  to  the  deltoid  and  intrinsic 
muscles  of  the  hand,  due  to  an  acute  process,  probably  haemorrhage,  but  in  this  case 
there  may  have  been  two  lesions. 

9 


130  SriNAL  CORD. 

Extensors  of  /ctiee— Third  and  fourth  lumbar  segments  ;  probably  from  the 
same  group  as  the  flexora  of  the  hip  ;  the  two  sets  of  muscles  are  often  afEected 
together,  and  sometimes  the  addactors  suffer  with  them.  The  Sartorius  is 
probably  related  to  the  third  segment,  but  not  to  the  same  cell-group  as  the 
extensors  of  the  knee  (to  which  indeed  it  does  not  belong ;  see  p.  34).  It  usually 
escapes  in  atrophic  palsy  of  the  extensors.  Flexors  of  knee,  fifth  lumbar  and 
first  dorsal  segments.  Their  centre  is  thus  below  and  certainly  distinct  from 
that  of  the  extensors. 

The  muscles  of  the  lower  leg,  moving  the  foot  and  toes,  are  related  to  the 
fourth  and  fifth  lumbar  and  the  first  sacral  segments.  The  calf  muscles,  the 
tihialus  anticus,  and  the  peroneus  longus  have  certainly  separate  centres  and 
are  often  afEected  separately.  The  tibialis  anticus  may  suffer  alone,  or  may 
alone  escape  when  the  other  muscles  in  front  of  the  leg  are  paralysed.  The 
muscles  of  the  calf  may  be  affected  when  those  in  front  of  the  leg  are  not.  It  is 
probable  that  the  peroneus  longus  is  the  highest  in  central  representation,  and 
is  related  to  the  fourth  lumbar  segment. 

The  intrinsic  muscles  of  the  foot,  especially  the  interossei,  are  the  lowest  In  central 
relations,  being  connected  with  the  second  sacral  segment.  The  position  of  their 
centres,  in  the  lowest  part  of  the  lumbar  enlargement,  thus  con-esponds  to  that  of 
the  analogous  muscles  of  the  hand,  in  the  lowest  part  of  the  cervical  enlarge- 
ment. 

Sensoet  CoNDTjcTiON.— Our  knowledge  of  the  sensory  patli  in  the 
cord  is  far  less  definite  than  that  of  the  motor  path,  in  spite  of  the 
fact  that  it  has  been  the  subject  of  a  large  number  of  experimental 
investigations.    The  subject  is  a  very  difficult  one  for  expeiimental 
solution,  on  account  o£  the  difficulty  of  ascertaining  the  condition  of 
sensation  in  animals.    The  indications  afforded  by  disease  are  equivocal 
for  another  reason.    "We  have  seen  that,  in  the  sensory  nerves,  a  lesion 
vsrhich  permanently  interrupts  motor  conduction  may  scarcely  affect 
sensory  conduction,  and  the  same  thing  is  apparently  true  of  the  spinal 
cord.    If  loss  of  feeling  results  from  an  acute  lesion,  it  often  quickly 
passes  away,  although  motor  palsy  remains  complete  and  absolute,  and 
this  when  all  the  elements  of  the  cord  seem  equally  damaged  by  the 
morbid  process.    In  cases  of  chronic  disease,  such  as  compression, 
which  also  acts  equally  on  all  the  structures,  the  same  escape  of  sensoiy 
conduction  is  often  observed.    The  result,  in  .acute  cases,  has  been 
thought  to  indicate  that  the  sensation  may  find  new  paths,  but  this 
explanation  can  hardly  apply  to  cases  in  which  all  the  elements  are 
equally  compressed.    It  is  more  probable  that  the  nei-ve-tibres  suffer 
partial  damage,  without  interruption  of  the  axis-cylinder,  so  that 
their  conducting  power  is  lowered,  and  not  lost,  and  suffices  for  sensa- 
tion but  not  for  motion.    We  have  seen  reason,  on  more  than  one 
ground,  to  beheve  that  this  is  the  case  in  partial  lesions  of  the  peripheral 
nerves  (pp.  50  and  51).    Hence  we  may  find  disease  in  those  elements 
of  the  cord,  to  which  other  facts  point  as  the  sensory  path,  and  yet 
there  may  have  been  no  corresponding  loss  of  sensation.    In  an  area 
damaged  by  sclerosis  or  chronic  myehtis,  it  is  common  to  find  many 
nerve-fibres  retaining  their  form,  although  evidently  changed  m  nature. 
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since  their  white  substance  stains  more  readily  than  in  health  ;  it  is 
common  also  to  find  axis-cylinders  surrounded  by  a  sheath  of  myelin 
much  narrower  than  normal,  and  this  in  parts  in  which  there  is  a 
considerable  increase  of  connective  tissue.    Such  fibres  may  still 
possess  some  conducting  power.    Hence  we  cannot  infer,  because  the 
supposed  sensory  tracts  are  visibly  diseased  in  a  case  in  which  there 
was  no  loss  of  sensibility,  that  these  tracts  have  not  the  function 
assigned  to  them,  unless  we  can  feel  sure  that  all  the  axis-cylinders 
are  destroyed.    For  this  reason,  and  because  morbid  processes  are  often 
wide  in  distribution,  the  evidence  that  can  be  obtained  by  comparing 
the  position  of  lesions  with  the  sensory  symptoms  they  produce,  is 
hmited  and  uncertain..  Another  source  of  information  is  the  effect 
of  partial,  transverse  lesions  of  the  cord,  intense  in  degree,  but  Hmited 
m  area,  especially  traumatic  lesions  affecting  one  half  of  the  cord  or 
part  of  one  half.    Cases  of  this  kind  are  of  the  highest  value,  and  it 
will  probably  be  by  these  that  the  question  will  be  ultimately  decided 
But  the  cases  are  few,  at  present,  in  which  the  extent  of  lesion  and  the 
range  of  symptoms  have  been  accurately  ascertained. 

It  would  take  too  much  space  even  to  enumerate  the  various 
conclusions  which  have  been  reached  by  the  many  investigators  who 
have  endeavoured  to  solve  the  problem  of  sensory  conduction.    It  may 
suffice,  for  practical  purposes,  to  point  out  the  evidence  that  seems 
most  important,  and  the  conclusions  that  seem,  on  the  whole,  most 
probable.    The  earher  experiments  of  Brown-Sequard  estabHshed  one 
important  fact  which  has  been  f uUy  confirmed  by  pathology,  that  the 
chief  part  of  the  sensory  path  crosses  the  middle  line  soon  after  it 
enters  the  cord,  and  passes  up  to  the  brain  on  the  other  side  These 
expei-mients  also  suggested  that  one  upward  path  is  in  the  intermediate 
^Z.  """^  wi  .  PossibiHty  cannot  be  said   to  be  entirely 

di  pioved,  but  later  investigations  have  given  it  no  confirmation,  and 
o  L?      I      ^^Probable.    The  experiments  by  others  which  seem 
to  deserve  the  greatest  weight  are  those  of  Schiff  and  Woroschiloff. 
ihe  latter  employed,  as  a  test  of  upward  conduction,  the  effect  of 

"''V?r"^^'^-  Tteseexperiments,;akentogether 
point  to  two  regions  of  the  white  substance  as  containing  the  sensorJ 

Llum.?fr  Tr  ^^''^^^  l^t^ral 

is  r  1  1  1  ^:'\'T'''  pyramidal  tract,  and  it 

Lbs    H  ^     ?   ^.r'^^ll-  --d-ts  sensation  fr;m  the 

foTncTdoLp^W-       ^P™'  be  an  accidental 

Troves  tv  M  '"^^^^        ^''^^^-'-y  degeneration 

throul  r  f  ^^"'^  ^^^^  ^P™ds,  and  extend 

coluls  w  T  ^  ^^^^^  P-*-- 

tract^  ;  199?  tf'  ^  "antero-lateral  ascending 

c^L.  f:!    ^'J  f  experiments  of  Schiff  suggest  that  the  lateral 

To  nMol  ^      'r''^'^'^       P^^-'         t^'«e  of  Woroschiloff 

pomt  to  the  same  conclusion,  since  he  refers  to  it  the  conduction  of 


132 


SPINAL  CORD. 


impulses  tliat  have  a  reflex  influence  on  the  vaso-motor  nerves,  an 
such  an  influence  is  probably  only  exerted  by  the  impulses  that  excite 
a  sensation  of  pain.    Schifl:  concluded  that  the  conduction  of  tactile^ 
sensibiHty  is  in  the  posterior  columns,  and,  moreover,  in  the  posterior 
column  of  the  same  side,  there  being  no  decussation  in  the  cord.  The 
■latter  is  certainly  erroneous,  so  far  as  man  is.concemed.    That  the  path 
of  sensibility  to  touch,  as  well  as  that  of  sensibility  to  pain,  crosses  the  \ 
middle  line  is  proved  by  the  effects  of  unilateral  lesions  of  the  cord.  \ 
To  these  we  may  now  turn,  and  ask  how  far  they  support  the  suggestions 
of  experiment. 

UnHateral  lesions  of  the  spinal  cord,  which  cause  loss  of  sensibility 
of  the  skin,  do  so  on  the  side  opposite  to  the  lesion.    This  is  true  of 
all  forms  of  sensibility.    They  thus  prove,  beyond  doubt,  the  decussa- 
tion in  the  spinal  cord  of  the  path  from  the  cutaneous  nerves  of  pam 
(i.  e.  common  sensibility) ,  of  touch,  and  of  temperature.    An  analysis  of 
the  cases  in  which  both  effect  and  lesion  have  been  exactly  ascertamed 
—which  will  be  considered  more  fully  when  these  lesions  are  described 
— suo-gests  certain  other  conclusions  regarding  the  position  of  these 
paths.    They  suggest,  first,  that  the  paths  for  sensations  of  pam  and 
of  touch  are  not  near  together.    Sensibility  to  pain  has  been  lost  m 
almost  all  recorded  cases,  but  that  to  touch  in  only  two  thirds.  They 
suggest  secondly,  that  the  two  paths  for  tactile  sensibility  are  nearer 
together  than  are  the  two  paths  for  common  sensibiHty.    In  no  case 
of  chiefly  unilateral  lesion  has  sensibility  to  pain  been  lost  on  both 
sides,  whereas  in  two  recorded  cases  sensibility  to  pain  was  lost  on  the 
side  opposite  to  the  lesion,  while  that  to  touch  was  lost  on  both  sides.* 
Both  these  conclusions  harmonise  with  the  suggestion  of  expeiiment,\ 
that  painful  sensations  are  conducted  in  the  lateral  column,  those  of 
touch  in  the  posterior  column.    These  conclusions,  moreover  are  sup  J 
ported  by  the  facts  of  the  only  two  cases  that  I  have  been  able  to  find 
^  which  afford  direct  locahsmg  indica- 

tions. One  is  a  case,  recorded  by 
myself,t  in  which  the  spinal  cord  in 
the  upper  cervical  region  was  damaged 
by  a  small  spiculum  of  bone  being 
driven  against  it  by  a  bullet,  which, 
entering  the  mouth,  lodged  in  the 
body  of  the  third  cervical  vertebra. 
The  extent  of  the  lesion  of  the  cord 
is  shown  in  Fig.  73.  The  chief  injury 
is  clearly  to  the  lateral  column  and 
grey  matter,  the   posterior  column 


Fia.  73. — Section  of  spinal  cord  be- 
tween the  second  and  third  cervical 
nerves,  contused  by  gunshot  injury. 


#  It  is  possible  that  tactile  sensibility  may  have  been  lost,  in  other  cases,. on  the 
second  side,  i.  e.  on  the  side  of  the  lesion,  and  may  have  escaped  notice  in  consequence 
of  the  e-ltation  of  sensibility,  which  is  commonly  present,  and  wh.ch  xs  presumably 
due  to  the  nerves  of  common  sensibility. 

t  '  Clinical  Society's  Trans.,'  vol.  xi,  1878,  p.  24. 


FCJNOTIONS.  133 

being  merely  swollen,  apparently  by  oedema.  The  affected  part  was 
the  seat  of  haemorrhage  and  hasmorrhagic  infiltration.  The  effect 
was  entire  loss  of  sensibility  to  pain  on  the  opposite  side  without  any 
impairment  of  tactile  sensibility.  To  this  the  other  case,  recorded 
by  Miiller,*  is  almost  a  complement.  A  stab-wound  divided  the  whole 
of  one  half  of  the  cord,  including  the  posterior  column,  and  also  the 
posterior  column  of  the  other  side  almost  up  to  the  nerve-roots.  The 
whole  of  both  postero-median  columns  were  thus  divided.  The 
effect  was  loss  of  sensibility  to  pain  on  the  side  opposite  to  the  lesion, 
and  of  that  to  touch  on  both  sides. 

From  all  the  evidence,  direct  and  indirect,  it  seems  to  be  almost  . 
certain  that  the  antero-lateral  ascending  tract  constitutes  the  path  for  f 
sensibility  to  pain,  and  to  this  conclusion  no  important  facts  are  opposed. 
But  it  is  otherwise  with  the  other  conclusion,  also  strongly  suggested 
by  the  evidence  we  have  reviewed,  that  the  posterior  median  column 
contains  the  path  for  sensibility  to  touch.    Eegar'ding  this  column 
there  is  another  class  of  facts,  suggesting  a  different  function  for  its 
fibres,  and  these  facts  must  receive  careful  consideration  before  we 
can  di-aw  any  conclusion  regarding  its  relation  to  tactile  sensibility. 
The  column  is  often  foimd  diseased,  and  intensely  diseased  in  some 
parts,  when  there  is  no  loss  of  any  form  of  cutaneous  sensibility. 
Moreover,  certain  facts  seem  to  indicate  another  function  for  the 
fibres  of  the  median  columns.    We  have  seen  that  the  way  in  which 
their  ascenduag  degeneration  spreads  out  towards  the  periphery  of 
the  cord,  just  above  a  lesion,  and  reaches  the  posterior  root-zone, 
suggests  that  posterior  root-fibres  pass  directly  to  this  column  without 
decussating.    There  is  one  form  of  sensibility  the  path  for  which  | 
seems  not  to  decussate  in  the  cord— the  sensibility  of  the  muscles,  j 
The  facts,  old  and  recent,  of  unilateral  lesions  of  the  cord  (con- 
sidered more  fully  in  the  next  section)  supply  conclusive  evidence 
that  the  sensibility  of  the  muscles  is  lost  on  the  side  of  the  lesion,  as 
was  first  pointed  out  by  Brown- Sdquard.     These  non-decussating 
fibres  of  the  posterior  median  columns  may  constitute  the  path  for 
this  sensibiHty.    In  harmony  with  this  view  is  the  fact  that  these 
columns  are  diseased  almost  constantly  in  locomotor  ataxy  (q  v  ) 
But,  even  if  we  admit  this  theory  as  probable,  we  are  not  justified  "in 
assuming  that  this  is  the  sole  function  of  these  columns.    Fibres  pass 
to  them  also  in  other  ways,  from  the  posterior  commissure  in  the 
middle  line,  and  from  the  neck  of  the  posterior  cornu  (see  Fig  71) 
and,  as  the  figure  shows,  some  of  these  fibres  may  readily  come  fron^ 
the  posterior  commissure,  and  both  these  sets  of  fibres  may  have 
crossed  m  the  middle  line.    Is  it  possible  that  these  fibres  conduct 
tactile  sensibihty,  and  that  they  are  mingled  with  those  that  conduct 

*  'Beitrage  zur  Path.  Anat.  und.  Phys.  der  Kuckenn,.,'  Leipsig,  1871.  Abstracts 

ind  7?!^"' ^  °f  will  be 

found  m  Kobner  8  article  on  unilateral  lesions,  « Deut.  Arch.  f.  Idin.  Med..'  1877, 
Bd,  XIX.  p.  190,  and  in  '  Virchow's  Juhresbericht,'  1871,  Bd.  i,  p.  152. 
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muscular  sensibility  ?    This  theory,  perhaps  better  than  any  other, 
harmonises  ascertained  facts,  but  it  can  only  be  regarded  as  a  sugges- 
tion for  future  observations.    If  the  path  is  in  the  posterior  columns, 
and  not  in  their  median  portion,  it  must  have  a  zigzag  course,  passing 
in  and  out  of  the  grey  matter  scores  of  times  in  its  upward  progress, 
since  no  fibres  of  the  external  column  have  a  continuous  upward 
course  of  more  than  a  few  centimetres.    Such  an  assumption  must  be 
a  last  resort  of  theory.    The  case  figured  on  p.  132  seems  to  exclude 
the  possibility  that  the  grey  matter  can  contain  the  tactile  path. 
I     The  path  for  sensations  of  temperature  is  still  unknown.    The  fact 
j  that  this  sense  is  frequently  impaired  with  sensibihty  to  pain  suggests 
'  that  the  two  paths  may  be  near  together  in  the  lateral  columns.  More 
than  this  cannot  be  said. 

Flechsig  thinks  that  the  direct  cerebellar  tract  conducts  sensation 
J  from  the  muscles  of  the  lower  part  of  the  trunk.  It  may  be  diseased 
when  there  is  no  cutaneous  ansesthesia,  and  is  chiefly  formed  at  the 
spinal  level  of  those  muscles.  Hence  the  theory  has  some  probability, 
although  the  function  of  the  remarkable  posterior  vesicular  tract,  from 
which  the  fibres  chiefly  come,  is  not  known.  This  view  would  assign 
a  similar  function  to  the  direct  cerebellar  tract,  and  to  part  at  least  of 
the  posterior  median  column.  The  post-pyramidal  nucleus,  in  which 
the  latter  fibres  end,  has  also  an  extensive  connection  with  the  cere- 
bellum. It  may  be  that  the  impressions  from  the  muscle-nerves,  con- 
ducted by  these  fibres,  influence  cerebellar  co-ordination,  but  do  not 
directly  affect  consciousness  as  a  distinct  sensation,  although  they 
may  indirectly  influence  our  conceptions. 

But  we  have  to  face  another  diflaculty  in  our  locahsation  of  the 
sensory  path.    The  same  impression  that  is  felt,  may  excite  a  reflex 
action.    For  this,  afferent  root-fibres  must  end  in  the  grey  matter  of 
the  cord.    Are  the  two  functions  subserved  by  the  same  or  by  different 
fibres  ?    A  similar  question  presents  itself  with  regard  to  the  muscle- 
nerves.    If  the  ascending  degeneration  in  the  postero-median  column, 
when  the  cauda  equina  is  diseased,  is  admitted,  as  provisionally  it 
must  be,  as  proof  that  these  root-fibres  pass  up  without  interruption, 
the  muscle-reflex  action  must  be  subserved  by  other  fibres.    For  it, 
however,  comparatively  few  fibres  may  suffice.    With  regard  to  the 
sensory  fibres  from  the  skin,  the  evidence  at  present  suggests  that  all 
undergo  interruption  in  the  spinal  cord,  since  the  paths  have  not  yet  been 
found  degenerated  when  a  lesion  has  been  confined  to  the  nerve-roots. 
If  so,  the  same  fibres  probably  subserve  sensation  and  reflex  action. 

"W'e  know  very  little  of  the  serial  representation  of  cutaneous 
sensibility  in  the  posterior  roots.  It  is  very  probable,  however,  that 
there  is  a  progressive  representation  of  the  skin,  without  relation  to 
the  muscles.  We  know  that  this  obtains  in  the  simpler  arrangement 
of  the  nerves  of  the  trunk ;  ascending  disease  causes  an  affection  of 
sensation  which  extends  around  the  trunk  at  higher  and  higher  levels. 
In  the  limbs  we  have  indications  of  the  same  relation :  the  soles  and 
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palms  may  be  affected  alone,  and  ansestliesia  may  extend  on  the  limb 
to  a  certain  level,  irrespective  of  nerve  distribution.  This  is  often 
seen  in  the  legs.  I  have  seen  anaesthesia  in  the  arms,  due  to  disease 
of  the  spinal  cord,  np  to  midway  between  shoulder  and  elbow,  and 
there  cease  at  the  same  level  around  each  arm.  At  the  same  time, 
the  strictly  progressive  representation  may  obtain  only  within  the 
cord,  and  be  modified  in  the  nerve-roots.  Thus,  affection  of  the  first 
dorsal  roots  causes  anaesthesia  only  in  the  ulnar  region  of  the  palm. 
Disease  of  the  cord  itself  may  afi:ect  sensation  on  the  tips  of  the  fingers 
only.  It  is  possible  that  the  afferent  nerves  from  the  muscles  differ 
from  those  from  the  skin,  and  correspond  in  origin  to  the  motor  nerves 
to  the  same  muscles. 

Eeflex  Centres. — The  grey  matter  of  the  spinal  cord  constitutes  a 
series  of  reflex  centres,  some  of  which  must  be  of  considerable  vertical 
extent  and  considerable  complexity,  and  are  subserved  probably  not 
only  by  the  grey  matter  but  by  the  short  fibres  that  in  the  antero- 
lateral column  (mixed  zone  and  limiting  layer)  and  the  postero-external 
columns  (posterior  ground- fibres)  connect  the  grey  matter  at  different 
levels.  We  have  already  seen  (p.  10)  that  we  must  distinguish  two 
forms  of  reflex  action, — the  cutaneous  reflex  action,  and  the  muscle 
reflex  action,  the  latter  producing  the  "  myotatic  irritability  "  which 
is  assumed  to  determine  so-called  "tendon-reflex  contractions." 
The  first  form  of  reflex  action  is  not,  however,  limited  to  impres- 
sions on  the  cutaneous  nerves.  It  may  be  produced  by  stimulation  of 
the  nerves  supplying  the  deeper  structures,  including  those  of  the 
tendons  and  muscles.  The  attempt  to  obtain  the  knee-jerk  may  cause 
a  true  reflex  action,  as  well  as  a  local  contraction,  the  two  being 
separated  by  an  appreciable  interval  of  time.  In  the  skin  it  is 
apparently  subserved  by  all  the  sensory  nerves.  It  may  be  present, 
although  the  nerves  for  either  pain  or  touch  are  degenerated. 

The  central  process  involved  in  reflex  action  must  take  place 
between  the  posterior  nerve-roots  and  the  anteiior  roots.    The  motor 
ganglion  cells  must  take  part  in  it,  and  form  part  of  the  reflex  centre, 
and  the  rest  of  the  centre  is  probably  constituted  by  part  of  the 
fibrillary  plexus,  and  perhaps  also  by  sensory  nerve-cells.    The  whole 
part  may  be  spoken  of  as  the  "  reflex  arc."    Lines  of  different  resist- 
ance doubtless  exist  in  the  centre,  and  determine  the  form  of  the 
reflex  action.    The  stronger  (within  limits)  the  afferent  stimulus,  the 
wider  does  the  process  spread  in  the  centre,  and  the  more  extensive 
IS  the  movement  produced.    Thus  a  slight  touch  on  the  sole  may 
cause  only  a  movement  of  the  foot,  while  a  stronger  impression  may 
cause  a  movement  of  the  whole  limb.     This  is  true  only  "within 
Imiits,"  because  a  very  strong  stimulation  may  prevent  any  reflex 
movement,  by  inhibiting  the  centre  which  a  slighter  stimulus  dis- 
charges. 

The  motor  gangHon  cells  from  which  the  anterior  roots  proceed, 
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must  form  part  of  tlie  centre  for  eacli  form  of  reflex  action,  but  the, 
afferent  impression  for  the  two  must  be  conveyed  by  different  nerves 
and  that  portion  of  the  centres  which  intervenes  between  the  posterior 
nerve-roots  and  the  motor  ganglion  cells,  may  be  distinct.  Beyond 
this,  we  can  say  nothing  of  the  relation  of  the  two  centres.  The 
muscle-reflex  action  must  be  the  less  complex.  It  is  a  simple  effect 
o£  the  stimulation  of  certain  fibres  on  certain  nerve-cells,  strictly 
limited  to  the  cells  related  to  the  muscle  from  which  the  afferent 
impulse  comes.  The  cutaneous  reflex  process  is  far  more  considerable 
in  degree,  wider  in  range,  and  more  complex  in  character.  In  some  of  the 
lower  animals  it  may  attain  the  elaborateness  of  a  purposed  movement. 

These  reflex  centres  are  subject  to  control.  That  for  cutaneous 
reflex  action  must  be  controlled  by  a  cerebral  centre,  since,  when  all 
cerebral  influence  is  cut  off,  as  by  a.  transverse  lesion  in  a  higher  part 
of  the  cord,  the  action  of  the  lower  spinal  centres  becomes  excessive. 
We  have  no  precise  knowledge  of  the  seat  of  the  controlling  centre  or 
of  the  path  by  which  the  control  is  exerted.  •  The  mechanism  must, 
however,  be  very  complex,  since  many  cerebral  lesions,  which  cause 
hemiplegia,  cause  also  a  diminution  of  cutaneous  reflex  action  on  the 
paralysed  side.  This  effect  seems  to  indicate  that  the  cerebral  centre 
which  controls  reflex  action,  is  itself  habitually  controlled  by  a  higher 
centre,  perhaps  in  the  cortex.  When  this  is  destroyed,  or  the  path  from 
it  is  interrupted,  the  controlling  centre  passes  into  a  condition  of  in- 
creased activity,  and  the  reflex  action  is  lessened.  This  is  a  theory 
only,  but  it  seems  impossible  otherwise  to  explain  the  facts. 

The  muscle-reflex  centres  seem  also  to  be  under  the  control  of  other 
centres,  because,  if  there  is  disease  of  the  cord  higher  up,  they  also  pass 
into  a  condition  of  increased  activity.  But  the  phenomena  of  their  dis- 
turbance presents  three  important  points  of  difference  from  those  of 
the  cutaneous  reflex  action.  (1)  We  know  with  certainty  the  path,  . 
disease  of  which  determines  their  excess :  it  is  the  pyramidal  tracts.  | 
(2)  Disease  of  the  brain  never  causes  a  permanent  diminution  in  the 
action  of  the  spinal  centres,  as  it  so  frequently  does  in  the  case  of  the 
centres  for  cutaneous  reflex  action.  On  the  contrary,  disease  of  the 
pyramidal  fibres  in  the  brain  causes  the  same  excess  of  this  form  of 
reflex  action  as  does  disease  of  the  pyramidal  fibres  in  the  cord.  (3) 
The  excess  does  not,  as  a  rule,  quickly  follow  an  interruption  of  the 
path  from  the  brain,  as  does  the  excess  of  superficial  reflex  action. 
It  is  manifested  at  the  end  of  a  week  or  ten  days,  and  gradually 
increases.  Two  explanations  of  the  lateness  of  the  manifestation  of 
the  excess  are  conceivable.  The  lesion  of  the  pyramidal  fibres  causes 
also  their  degeneration  below  the  lesion,  and  this  must  involve 
their  termination  in  the  grey  matter.  The  excess  of  action  of  the 
centres  may  be  the  result  of  the  degeneration  of  this  terminal  ramifi- 
cation, which  may  be  the  controlling  structure  that  normally  restrains 
the  activity  of  the  centres.  In  this  case,  the  time  before  the  excess 
is  manifested  may  be  that  needed  for  the  degenerative  changes  to 
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descend  the  fibres  to  the  level  of  the  centres  concerned.  Secondly, 
the  mere  ai'rest  of  the  central  influences  passing  down  the  pyramidal 
fibres  may  cause  the  excess  of  the  muscle-reflex  centres,  and  the 
interval  which  elapses  before  the  excess  is  manifested  may  be  due  to 
the  fact  that  there  is  little  tendency  to  increased  activity,  that  but  slight 
habitual  control  is  exercised  or  needed,  and  that  the  capacity  for  over- 
action  is  gradually  developed  and  gradually  increases.  On  the  whole, 
it  seems  to  be  highly  probable  that  the  normal  restraint  is  due,  in 
some  way,  to  the  influence  of  the  terminal  portion  of  the  pyramidal 
fibres  within  the  grey  matter,  and  that  the  excess  of  this  reflex  action 
follows  any  impairment  of  the  integrity  of  these  structures.  This  may 
not  be,  however,  the  only  cause  of  excessive  reflex  action.  A  primary 
over-action  of  the  centres  is  conceivable,  and  may  occur  in  some  con- 
ditions, but  it  is  not  probable  that  such  over-action  is  the  cause  of  the 
permanent  excess  which  results  from  disease  higher  up  the  spinal 
cord. 

The  chief  local  forms  of  superficial  and  muscle-reflex  action  have 
been  already  described  (see  pp.  11,  et  seq.).  Their  centres  are  found 
in  the  corresponding  segments  of  the  cord  here  enumerated.  The 
superficial  reflex  centres  are,  however,  extensive,  and  may  be  excited 
through  a  wider  region  than  that  indicated.    (See  also  p.  142.) 

Superficial  reflex  ac^iow.— Plantar,  second  sacral;  gluteal,  fourth 
lumbar;  cremaster,  second  lumbar;  abdominal,  sixth  to  eleventh 
dorsal  (epigastric,  sixth  dorsal);  scapular,  fifth  cervical  to  first 
dorsal. 

Muscle-reflex  action.— Qali  muscles  (foot-clonus),  fifth  lumbar  and 
first  sacral;  knee-jerk,  third  and  fourth  lumbar;  flexor  digitorum 
triceps,  seventh  cervical ;  biceps,  supinator  longus,  sixth  cervical. 

Co-OEDiNATioN  OF  MOVEMENT.— The  Co-ordination  of  movement  is 
certamly  m  part  determined  by  the  spinal  cord.  It  is  a  complex 
function,  probably  depending  on  both  motor  and  sensory  arrangements, 
but  chiefly  on  the  impressions  from  the  sensory  muscle-nerves  The 
consideration  of  its  mechanism  may  conveniently  be  postponed  until 
the  discussion  of  its  defect. 

iNFLtTENCE  GIT  NuTRiTiON.-The  nutrition  of  the  muscles  is  under 
the  control  of  the  anterior  grey  matter,  and  probably  of  the  motor 
nerve-cells.  The  influence  is  exerted  through  the  motor  nerves,  and 
(see  p  2l7'''*'  conducting  integrity  of  the  fibres 

The  nutrition  of  the  hones  and  joints  is  also  under  the  control  of  the 
^rlw+r  .T!  I  """^  ^""^^  ^""'^        ^o^t^-ol  is  exerted.  The 

C^o  f  "     ^^^'^""'^  ^^^^       ^^<^«^i°^  are  diseased, 

rt.Z      T  ""T  "'^^^  «t^-"«ture.    Such  a 

J  wi.  a"  alteration  in  the  joints,  may  occur  in  locomotor  ataxy, 
m  which  there  is  disease  of  the  posterior  nerve-roots 
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The  nutrition  of  the  sJcin  seems  to  depend  on  nerves  that  have  their 
cotirse  in  the  posterior  roots,  but  we  do  not  know  whether  there  are 
special  trophic  nerves,  or  the  position  of  the  centres  by  which  the 
influence  is  exerted.  The  clearest  fact  is  that  irritation  of  the  nerve- 
structures  has  far  more  effect  than  simple  loss  of  function.  It  is 
when  the  cord  or  nerve-roots  are  the  seat  of  irritative  inflammation 
that  the  most  serious  trophic  changes  occur. 

Visceral  Control. — Although  the  viscera  are  under  the  immediate 
control  of  the  sympathetic  system  of  nerves,  they  are  relaited  to  centres 
in  the  spinal  cord,  and  the  relation  is  the  most  direct  and  important  in 
the  case  of  the  organs  over  which  the  will  has  an  influence,  the  rectum 
and  the  bladder.  The  centres  for  these  are  in  the  lumbar  enlargement, 
but  we  do  not  know  their  exact  position.  They  are  probably  complex 
reflex  centres.  We  can  best  understand  their  action  by  studying  them 
when  voluntary  influence  is  lost. 

The  centre  for  the  sphincter  ani  is  the  more  simple,  but  the  system 
of  action  of  each  may  be  the  same.    In  the  wall  of  each  viscus  we  have 
muscular  fibres  to  expel  the  contents,  and  at  the  mouth  a  sphincter- 
arrangement  to  prevent  their  continuous  evacuation.    Faeces  or  air  m 
the  rectum,  and  urine  in  the  bladder,  may  excite  the  lumbar  centre, 
and  cause  two  effects— contraction  in  the  wall  and  relaxation  of  the 
sphincter.    This  process  can  be  controlled  by  the  will  to  a  consider- 
able  extent,  although  we  are  still  ignorant  of  the  precise  mode  in  which 
the  voluntary  influence  is  exerted.    But  if  the  volitional  path  in  the 
cord  is  interrupted  above  the  lumbar  centres,  the  will  can  no  longer 
control  the  reflex  processes ;  as  soon  as  ffeces  irritate  the  rectum,  they 
are  expelled  by  the  reflex  mechanism ;  as  soon  as  a  sufficient  quantity 
of  urine  accumulates  in  the  bladder,  a  reflex  contraction  of  the  detrusor, 
and  relaxation  of  the  sphincter,  cause  its  escape.    The  affection  of  the 
voluntary  path  for  the  sphincters  is  not  always  proportioned  to  that 
for  the  legs.    If  the  damage  to  the  cord  involves  also  the  sensory  tract, 
the  patient  is  unconscious  of  the  action  of  the  bladder  or  bowel.  If 
the  sensorv  tract  is  unaffected,  the  patient  is  aware  of  the  process,  but 
cannot  control  it.    It  is  often  said  that  there  is  permanent  relaxation 
of  the  sphincters,  but  this  is  true  only  when  the  lumbar  centres  are 
inactive  or  destroyed.    In  this  condition,  evacuation  occurs  as  soon 
as  faeces  or  urine  enter  the  bowel  or  rectum.     The  urine  escapes 
continuously,  instead  of  being  expelled  at  intervals.    The  condition  is 
less  obvious  in  the  case  of  the  rectum,  because  there  is  not  such  con- 
tinuous passage  of  faeces  into  the  rectum  as  there  is  of  urine  into  the 
bladder    We  may,  however,  distinguish  between  the  two  states  of  the 
rectum  by  the  introduction  of  the  finger.    If  the  lumbar  centre  is 
inactive  there  is  a  momentary  contraction,  due  to  local  stimulation  of 
the  sphincter,  and  then  permanent  relaxation.    If,  however,  the  reflex 
centre  and  motor  nerves  from  it  are  intact,  the  introduction  of  the 
finger  is  followed,  first  by  relaxation,  and  then  by  gentle,  firm,  tonic 
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contraction.  I  have  verified  this  by  introducing  an  india-rubber 
cylinder,  instead  of  the  finger,  -and  registering  the  pressure  on  the 


Fia.  74. — Teacings  of  the  Action  of  the  Sphinctee  Ani. 
The  vertical  lines  represent  seconds  of  time. 
1.  Effect  on  contraction  of  sphincter  of  the  injection  into  the  rectum  of  a  small 
quantity  of  air  at  *.    a.  Fall  in  pressure  due  to  the  inhibition  of  the  contrac- 
tion ;  I,  rise  due  to  the  slowly  returning  contraction.    2.  Effect  of  the  intro- 
duction of  the  instrument,    a.  Sudden  rise  of  lever  at  moment  of  introduction, 
due  to  the  exposure  of  the  instrument  to  the  pressure  of  the  sphincter  (the  top' 
of  this  line  represents  the  degree  of  previous  contraction)  ;  I,  initial  rise  due  to 
increased  contraction;  c,  fall  from  partial  inhibition;  d,  subsequent  contrac- 
tion, rising  to  a  greater  degree  than  the  initial  contraction,  and  subsequently 
falling  slightly.     3.  Effect  of  cough,    a.  Pressure  of  tonic  contraction  of 
sphincter  (the  slight  irregularities  are  due  to  pulse-waves) ;  5,  fall  in  pressure 
due  to  the  movement  of  the  instrument  by  the  cough  ;  e,  initial  contraction  ; 
d,  relaxation  of  inhibited  sphincter  ;  e,  e,  e,  rhythmical  variations  in  subsequent 
rise.    (Prom  the  '  Proc.  Royal  Society,'  1877.) 

cylinder  by  connecting  it  with  a  recording 
apparatus.  The  relaxation  is  then  found 
to  be  preceded  by  a  very  slight  brief  con- 
traction, and  to  be  followed  by  unbroken 
tonic  contraction.  The  relaxation  may 
also  be  readily  produced  by  any  impres- 
sion on  the  mucous  membrane  above  the 
sphincter.  Fig.  74  shows  some  of  the 
tracings  obtained. 

The  action  of  the  bladder  mechanism 
can  be  best  understood  by  assuming  that 
the  motor  centre  really  consists  of  two 
parts,  one  (ms,  Tig.  75)  maintaining  the 
contraction  of  the  sphincter,  the  other 
(md)  exciting  the  contraction  of  the 
detrusor  fibres,  and  that  these  two  parts 

Hr'Mo't^lTr  ^^«^^^<^  P^AN  OF  THE  CeNTKK  FOE  MlCTTTKIT^. 

'trve  fors^^^^^^^^  '^r^  «-tre,  and  motor 

r,Zll  fZ  'P'""'  ^'''^ '         centre,  and  md,  motor  nerve  for  detrusor  •  ,?  afferent 

r  the  condTtr"?ir"'™T  *°  °f  -»*-^  i  bladd  f.  a 

d;tru  or  centre  nofac  SL'^^        nidicated  the  sphincter  centre  in  action,  the 
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are  antagonistic  :  when  one  acts  the  other  is  inhibited.  Thus,  in 
normal  rest,  the  sphincter  centre  is  active,  the  detrusor  at  rest.  Action 
is  produced  by  an  afferent  impulse  from  the  bladder  and  a  volun- 
tary impulse  from  the  brain.  Then  the  detrusor  centre  acts,  and 
the  sphincter  centre  ceases  to  act.  If  voluntary  power  is  impaired, 
the  afferent  impulse  from  the  bladder  may  be  insufficient,  and  then 
there  is  retention,  or  in  other  cases  the  motor  centre  may  yield  too 
readily  to  the  afferent  impulse,  and  there  is  reflex  incontinence. 

Although  no  other  part  of  the  alimentary  canal  is  under  voluntary 
influence,  all  parts  are  probably  related  to  the  spinal  cord,  by  means 
of  the  connection  between  the  sympathetic  system  and  the  nerve- roots. 
Constipation  is  extremely  common  in  disease  of  the  spinal  cord,  and  is 
often  greater  than  can  be  accounted  for  by  the  mere  loss  of  power  of 
the  abdominal  muscles.  The  pain  in  the  back  that  is  so  common  in 
disease  of  the  stomach,  has  been  regarded  as  a  reflected  pain,  due  to 
this  connection. 

The  uterine  functions  are  probably  independent  of  the  cord  in  greater 
degree  than  those  of  any  other  organs  under  the  influence  of  the 
sympathetic.  The  function  of  menstruation  goes  on  independently  of 
cord  disease  and  may  be  regular  although  there  is  absolute  arrest  of 
all  conduction,  sensory  and  motor.  Pregnancy  and  labour  may  proceed 
in  normal  course,  in  spite  of  such  disease  of  the  cord  as  causes  com- 
plete motor  paraplegia. 

Sexual  Functions —The  activity  of  the  sexual  organs  depends  on 
the  integrity  of  the  reflex  loop  to  and  from  a  special  centre,  also 
situated  in  the  lumbar  enlargement,  but  the  due  action  of  this  centre 
depends  on  cerebral  (psychical)  as  well  as  on  reflex  influences.  Disease 
of  the  centre,  or  of  the  nerves  leading  to  or  from  it,  abolishes  sexual 
action.  The  sexual  reflex  is,  however,  one  of  -  the  cutaneous  reflexes, 
and  it  shares  the  condition  of  these  rather  than  of  the  muscle-reflex 
processes. 

The  centre  is  probably  double,  and  its  action  is  impaired  by  inter- 
ference with  either  half.  When,  by  disease  higher  up,  the  connection 
with  the  psychical  centres  is  interrupted,  the  sexual  act  cannot  be 
perfectly  performed.  If  the  path  from  the  controlling  centre  (p.  136) 
is  unimpaired,  the  reflex  sexual  processes  are  not  in  excess,  and  may  even 
be  diminished ;  but  if  the  path  from  this  controlHng  centre  is  also 
interrupted,  the  reflex  sexual  processes  are  in  excess  like  the  other 
superficial  reflexes,  and  priapism  results.  If  the  reflex  centre,  or 
connecting  paths,  are  partially  diseased,  the  sexual  process  may  be 
impaired  and  imperfect,  but  not  abolished. 

Vaso-motor  Centres.— The  sympathetic  nerves  to  the  vessels  are 
influenced  from  the  spinal  cord.  We  have  no  definite  knowledge  of 
the  position  of  the  centres  or  paths  from  and  through  which  this 
influence  is  exerted,  but  some  facts  of  disease  suggest  that  the  centres 
may  be  situated  in  the  intermediate  grey  matter.  The  action  of  the 
vaso-motor  nerves  may  be  deranged  by  disease  of  the  cord.    It  is  pro- 
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ibable  that  such  a  relation  exists  between  all  parts  of  the  vaso-motor 
system  of  nerves  and  the  cord,  and  that  the  relation  obtains  between 
each  segment  of  the  cord  and  the  vascular  nerves  to  the  corresponding 
pai't  of  the  trunk  and  limbs.  This  derangement  in  disease  may  take 
a  part  in  the  production  of  the  changes  in  nutrition,  but  it  is  probably 
not  the  sole  mechanism  by  which  these  changes  are  produced. 

There  is  a  special  connection  between  the  sympathetic  and  the 
cervical  region  of  the  spinal  cord.  This  part  contains  the  path  to  the 
visceral  nerves  that  control  the  sugar-forming  functions  of  the  liver. 
The  lower  part  of  the  cervical  enlargement  contains  also  an  important 
centre  which  controls  the  sympathetic  nerves  for  the  vessels  of  the  head 
and  face.  The  path  of  central  influence  over  the  radiating  fibres  of 
the  iris  passes  also  from  the  region  of  the  third  ventricle,  down  the 
cervical  cord,  by  the  lowest  cervical  or  first  dorsal  nerve,  to  the 
sympathetic,  and  then  ascends  the  cervical  trunk,  and  passes  along  the 
fibres  which  accompany  the  internal  carotid  artery  to  the  ciliary 
ganglion.  Fibres  also  pass  from  the  cervical  cord  to  the  sympathetic 
through  which  the  action  of  the  heart  is  accelerated. 

Mutual  Eelation  oe'  the  Functions  of  the  Spinal  Coed.  

It  may  be  well  to  present,  in  the  form  of  a  table,  the  relation  of  the 
several  functions  of  the  cord,  motor,  sensory,  and  reflex,  as  far  as  our 
knowledge  of  these  relations  extends.  Many  points  are  still  uncertain  ; 
these  have  been,  for  the  most  part,  omitted.  The  table  does  not  need 
any  detailed  explanation.  It  is  merely  a  comparative  collection  of 
the  facts  that  have  been  stated  in  the  preceding  pages.  We  shall  find 
the  value  of  this  collocation  of  functions  when  we  consider  the  effects 
of  transverse  lesions  of  the  cord  at  different  levels. 
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Table  showing  the  approximate  relation  to  the  spinal  nerves  of  the 
vaHous  motor,  sensory,  and  reflex  functions  of  the  spinal  cord. 

MOTOR.     (nerves.)  motor.  SENSORY. 

CI 


Sfc.-raastoid, 
Upper  neck 

muscles. 
Upper  part 
of 

Trapezius 


Lower  neck 

muscles. 
Middle  part 
of 

Trapezius 


I 


Small  rotators  of  head 


3    Lev.  ang.  scapulaj 

4 

5 


j-  Diaphragm        S  g 

'  I  Serratus 

>  Flex,  of  elbow    .a  g 
g  J  Supinators     J  ^ 

j-  Ext.  wrist  &  fingers 

1  Ext.  elbow 

>  Flex,  wrist  &  fingers 
g  J  Pronators 

}-  Muscles  of  hand 
Dl^ 


Lower  part 
of 

Trapezius 
and  Dorsal 
muscles 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
LI 


Intercostals 


Abdominal  muscles 


Lumbar 
muscles 

Peroneus,  1. 

Flex,  of 
ankle.  Ext.  " 

of  ankle 


2 ,  Crem aster 
r  Flexors  of  hip 

y  Extensors  of  knee 
4  <  Adductors  of  hip 
r  Ext.  &  abduct,  of  hip 

Flexors  of  knee 

Intrinsic  muscles  of 
foot 


} 


4 
5 

CO. 


3  ]  Perineal    and  anal 
muscles 


11 
2 

3J 

4 

5 

6 
7 

8 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 

1 

2^ 

3 

4 

5 

1 

2 

U 
4 

Co.  J 


Scalp 


Neck  and  upper 
'  part  of  chest 
1 


Shoulder 


"Arm 


Hand 

(ulnar  n.  lowest) 


Front  of  thorax 
I  Ensiform  area 


Abdomen 
'(Umbilicus 
lOtb) 


Buttock, 
J  upper  part 

Groin  and  scrotum 
(front) 

'outer  side 


Thigh 


front 


inner  side 
Leg,  inner  side 

Buttock,  lower 
part 

Back  of  thigh 
Leg  1  except 
..&foot  J  inner  part 


.  Perineum  and  anus 

Skin  from  coccyx  to 
anus 


REFLEX. 


1 

2 
3 
4 

51 

6 
7 


_  Scapular 


8 
1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1< 

2 

3 

4 

5 

1 

2 

3 

4 

5 
Co. 


Epigastric 


Abdominal 


Cremasteric 


Knee-jerk 


Gluteal 
\Foot- 
j  clonus 

.  Plantar 
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SYMPTOMS  OF  DISEASE  OF  TME  SPINAL  COED:  INDICATIONS 
OF  TSE  SEAT  OF  TEE  LESION:  ANATOMICAL  DIAGNOSIS. 

The  symptoms  of  disease  of  the  spinal  cord  consist  in  derangement 
of  its  various  functions  ;  the  loss  of  some,  the  exaltation  and  perver- 
sion of  others.  We  have  already  considered  these  functions,  and  the 
parts  of  the  cord  by  which  they  are  subserved.  We  may  now  briefly 
consider  the  character  of  their  derangement  and  its  significance  in 
regard  to  the  position  of  the  disease.  The  combination  of  symptoms 
indicates  the  seat  of  the  lesion  j  we  infer  its  nature  from  their  mode 
of  development,  and  other  considerations,  which  will  be  subsequently 
discussed.  It  is  always  important  to  keep  these  two  elements  of  the 
diagnosis  distinct  in  the  mind. 

A  common  feature  of  the  symptoms  of  disease  of  the  spinal  cord  is 
their  bilateral  character.  This  depends  on  two  causes.  First,  the  struc- 
tures in  each  half  of  the  spinal  cord  are  in  close  proximity,  and  any 
random  process,  such  as  inflammation  or  tumour,  readily  affects  both 
halves.    Secondly,  morbid  processes  that  commence  in  the  nerve- 
elements,^  and  afi:ect  them  according  to  their  function  ("system 
diseases  ")  usuaUy  involve  the  corresponding  structures  of  the  two 
sides.    Hence  the  characteristic  type  of  motor  palsy  is  paraplegia.  The 
vertical  extent  of  the  bilateral  symptoms  depends  on  the  positfon'  of  the 
disease.    Here,  however,  we  must  distinguish  two  classes  of  symptoms. 
Those  which  depend  on  the  interruption  of  the  conducting  path,  to  or 
from  the  brain,  involve  the  whole  region  below  the  disease.  Those 
which  depend  on  damage  to  the  centres  in  the  cord,  are  present  onlv 
at  the  level  of  the  lesion. 

But  disease  of  the  cord  does  not  always  cause  bilateral  symptoms 
A  random  process,  of  small  extent,  may  damage  one  side  only.    It  may  -~7 
affect  one  or  several  structures  on  one  side.    Such  a  process  never 
affects  all  parts  of  one  side  without  damaging,  in  some  degree,  the 
other  side,  except  in  very  rare  forms  of  traumatic  lesion.  Ao-ain 
system  diseases,"  in  quite  exceptional  cases,  are  limited  to  one'side 
and,  much  more  frequently,  they  may  affect  one  side  earlier  and  more 
than  the  other. 

Motor  STMPTOMs.-ioss  of  motor  power  results  from  interruption 
ot  the  motor  path  in  any  part  of  its  intra-spinal  course,-pyramidal 
tracts,  anterior  grey  matter,  anterior  nerve-roots.    We  have  seen  that 

T^^^^^^^       ^"^"^^^  ^''^^  ^""^  segments,  upper  and  lower  (see  ■ 
fii.       f  A  contains  a  considerable  portion  of  the  nerve- 

nbres  ot  the  upper  segment,  and  their  lower  termination  in  the  grev 
matter,  but  only  the  commencement  of  the  lower  segment,  the  motor 
ganglion  cells,  and  root-fibres  proceeding  from  them.  The  chief  part  of 
the  lower  segment  is  outside  the  spine,  in  the  nerve-trunks.    So  far  as 
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the  loss  of  power  is  concerned,  the  effect  is  the  same,  in  whatever  part 
of  the  motor  path  the  interruption  is  situated,  but  the  other  symptoms 
that  accompany  the  loss  of  power  differ  very  much  according  as  the 
interruption  is  iu  the  upper  or  lower  segment.    The  lower  segment 
influences  muscular  nutrition,  and  forms  part  of  the  path  of  reflex 
action.    Hence,  as  we  shall  presently  see,  the  muscles  waste,  and 
reflex  action  is  lost,  when  this  is  diseased  ;  but  when  the  upper 
segment  is  damaged,  there  is  no  muscular  wasting,  and  reflex  action, 
instead  of  being  lost,  is  commonly  increased.    The  symptoms  produced 
by  disease  of  either  segment  are  essentially  the  same,  whatever  part  of 
the  segment  is  diseased,  whether  the  cell  at  the  upper  extremity,  the 
fibre,  or  the  ramification  at  the  lower  extremity  of  the  fibre.    If,  for 
instance,  the  intramuscular  nerve-ending  is  paralysed  by  curara,  the 
symptoms  produced  are  the  same  as  if  the  fibre  in  the  nerve  is  divided 
or  the  cell  in  the  cord  is  destroyed.    Disease  of  the  termination  of  the 
upper  segment,  in  the  grey  matter  of  the  cord,  must,  of  necessity, 
produce  the  same  effect  as  disease  of  the  pyramidal  fibre  itself,  or  the 
cell  in  the  cerebral  cortex  from  which  the  fibre  springs.    "We  shall 
afterwards  see  that  this  consideration  has  very  important  applications. 

If  the  fibre  of  either  segment  is  divided,  it  degenerates  below  the 
division,  since  its  nutrition  depends  on  the  influence  of  the  cell  from 
which  it  has  sprung.  It  is  probable  that  the  nutritional  stability  of 
the  fibre,  or  rather  of  its  essential  element,  the  axis-cylinder,  becomes 
less,  and  more  easily  deranged,  the  greater  the  distance  from  the 
parent  cell,  and  that  it  is  least  in  the  terminal  ramification  of  each 
segment.  This  may  be  the  reason  why  curara  acts  chiefly  on  the 
intramuscular  nerves.  If  this  is  true  of  the  upper  segment,  many 
facts  of  pathology  become  clearer  to  us, 

A  lesion  of  the  pyramidal  tract  causes  loss  of  power  in  all  parts 
below  the  level  of  the  disease,  that  is  to  say,  of  all  parts  the  fibres 
for  which  are  interrupted.  A  lesion  of  the  grey  matter,  or  of  the 
anterior  roots,  causes  paralysis  only  of  those  parts  which  are,  func- 
tionally, on  the  level  of  the  lesion.  The  two  mechanisms  often  coin- 
cide. A  transverse  lesion  in  the  cervical  enlargement,  for  instance, 
may  cause  paralysis  of  the  arms  from  the  damage  to  the  grey  matter 
and  nerve-roots,  and  paralysis  of  the  legs  from  damage  to  the  pyramidal 
fibres.  The  disease  involves,  in  the  former  case,  the  commencement  of 
the  second  segment  of  the  motor  path  for  the  arms  ;  in  the  latter,  the 
middle  of  the  upper  segment.  The  associations  of  the  paralysis  differ 
accordingly.  The  parts  affected  by  a  lesion  at  any  level  will  be  readily 
ascertained  by  an  examination  of  the  table  of  functions  on  p.  142. 
•  It  is  important  to  note  that  the  affection  of  motor  power  is  often 
incomplete.  It  may  then  involve  one  set  of  muscles  more  than 
another.  The  flexors  or  the  extensors  may  be  chiefly  paralysed.  In 
disease  of  the  dorsal  cord,  it  is  very  common  for  the  flexor  muscles 
of  the  hip  and  knee  to  suffer  more  than  the  extensors.  Why  this 
should  be  we  do  not  know,  but  the  fact  is  important,  because  con- 
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siderable  weakness  of  the  flexors  of  the  knee  is  readily  overlooked. 
In  examining  motor  power,  each  set  of  muscles  should  be  separately 
tested. 

Motor  over-action ;  Spasm  is  frequent  in  disease  of  the  spinal  cord  and 
its  membranes.    In  the  latter  case  it  seems  to  be  the  result  of  direct 
irritation  of  the  motor  structures.    In  some  acute  lesions  of  the  cord 
itself,  spasm  seems  to  have  a  similar  origin.    In  chronic  disease  the 
mechanism  is  certainly  different,  and  apparently  depends  on  over-action 
of  the  reflex  centres,  due,  not  to  irritation,  but  to  deficient  control. 
The  spasm  may  preponderate  in  either  the  flexors  or  extensors,  so  that 
the  legs,  when  rigid,  may  be  drawn  up  or  straight  out.    The  flexor 
spasm  seems  to  be  due  to  an  over-action  of  the  centres  for  cutaneous 
reflex  action,  the  extensor  spasm  chiefly  to  that  of  the  centres  for 
muscle-reflex  action,  although  it  may  also  be  excited  by  a  cutaneous 
impression.    The  latter  will  be  better  understood  when  the  disturbance 
of  this  form  of  reflex  action  has  been  described. 

Muscular  contractions,  shortening  of  muscles,  occur  in  three  different 
ways.    (1)  As  a  result  of  long-continued  irritation  of  motor  fibres 
chiefly  of  those  of  the  nerve-roots.    This  form  has  been  already 
described  and  illustrated  in  the  account  of  diseases  of  the  nerves  (p. 
78,  Fig.  50).    (2)  From  long-continued  spasm,  shortening  of  muscles 
may  occur.    Usually  the  contraction  is  facilitated  by  weakness  of  the 
opponents  or  by  posture.    It  is  especially  common  in  the  flexors  of  hip 
and  knee,  in  cases  in  which  flexor  spasm  predominates,  and  in  the 
extensors  of  the  ankle  when  there  is  extensor  spasm.    The  last  is  aided 
by  the  extended  position  of  the  foot  in  the  recumbent  posture.  (3) 
Whenever  one  group  of  muscles  is  much  more  paralysed  than  their 
opponents  the  latter  become  contracted,  although  spasm  is  absent. 
Such  contraction  IS  common  in  atrophic  spinal  paralysis,  and  gives 
rise  to  serious  deformities.    The  active  contraction  of  muscles  in  all 
these  forms  may  ultimately  result  in  actual  tissue  changes  in  them 

of  gieat  force  This  condition  must  be  carefully  distinguished  from 
active  contracture.*    In  the  latter,  gentle  extension,  kept  up  for  a  few 

Z:^ZTZT  T''' ^^^"^^ 

^  an  active  contracture,  and  it  is  only 

after  this  has  continued  for  some  time  that  the  tissue  hanges  occur 
which  prevent  extension.  In  the  third  form,  however,  the  tissue 
changes  develop  much  more  quickly  than  in  the  second 

is  prb^Mrtr^^^     ^^^^"^^  ^  ^^-p^^-  -  ^^--t-, 

postenor  L^Z^^  ?  'T"'  ^'^^^^       ^^^^^^^  of  th 

ficlnce    S  ha?  1  '\  -erve-fibres.    This  is  its  chief  signi- 

the  cord    Its  il^r        "''^     ''''         °f  of 

will  be  discussed  ^    .Tr^'"""  ^'^^      P^^^^^^l^^  mentioned,  and 
n^be  discussed  more  fully  m  the  account  of  locomotor  ataxy. 

dcplfdtgTnlctlvrltX  of  Sffit  ^r'^'"* 

"liiraccion  ot  the  fibres,  and  not  on  tissue  changes. 
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Sensory  Symptoms.— Loss  of  sensation  is  a  very  common  effect  of 
disease  of  the  spinal  cord.    It  may  be  total,  and  involve  all  forms  of 
sensibility,  or  partial  and  affect  only  some  forms.    The  statements 
made  on  pp.  6-10  regarding  impairment  of  sensation  generally,  and 
the  method  of  ascertaining  it,  apply  to  that  which  results  from  cord 
disease,  and  need  not  be  here  repeated.    It  has  been  also  pointed  out 
(p.  130)  that  loss  of  sensation  occurs  less  readily  than  loss  of  motor 
power,  so  that  it  is  common  for  complete  muscular  paralysis  to  co- 
exist with  intact  sensibility.    The  latter  may  be  impaired  by  disease 
of  any  part  of  the  sensory  path,— posterior  roots,  probably  also  the 
posterior  cornua  and  commissure,  or  the  conducting  tracts  in  the  cord. 
A  division  of  the  sensory  path  into  upper  and  lower  segments  is 
conceivable,  analogous  to  that  of  the  motor  path,  although  we  have 
not  the  same  clear  ground  for  the  distinction.    Disease  of  the  posterior 
nerve-roots  causes  loss  of  reflex  action  as  well  as  loss  of  sensation,  just 
as  disease  of  the  anterior  roots  interferes  with  reflex  action  as  well  as 
with  motor  power.  Interruption  of  the  sensory  conducting  tracts  higher 
up  leaves  reflex  action  unaffected.    A  focal  lesion,  such  as  transverse 
myelitis,  may  damage  both  the  conducting  tracts  and  the  nerve-roots,  or 
only  one  of  these.    Disease  outside  the  cord,  compressing  it,  often  has 
the  same  double  effect.   Hence  it  is  important  to  test  sensation  at  the 
level  of  the  lesion,  as  well  as  in  the  parts  below.    Areas  of  anaesthesia 
may  thus  be  found  on  the  trunk  when  there  is  none  in  the  legs.  Con- 
siderable disease  of  the  nerve-roots  outside  the  cord  may  impair  all 
forms  of  sensibility,  although  slight  damage  may  arrest  the  conduction 
of  tactile  impressions,  and  not  those  of  pain,  which  are  probably  more 
energetic.    Disease  of  the  roots  within  the  cord  often  causes  only 
partial  loss,  probably  because  the  fibres  which  conduct  different 
impressions  have  a  different  course.    Disease  higher  up  the  cord  stiU 
more  frequently  causes  partial  loss ;  either  sensibility  to  pain  or  to 
touch  may  be  impaired.    That  to  temperature  is  rarely  affected  with- 
out that  to  pain.   We  do  not  yet  know  precisely  the  significance  of  the 
special  form  of  loss.    It  is  highly  probable,  however,  that  loss  of 
sensibility  to  pain  is  produced  by  disease  of  the  antero-lateral  ascend- 
ing tract  (p.  131).    Future  observations  must  determine  whether  loss 
of  tactile  sensibility  can  be  regarded  as  evidence  of  disease  of  any 
part  of  the  posterior  columns. 

It  is  probable,  however,  that  disease  of  the  posterior  median 
column  and  cerebellar  tract  impairs  the  conduction  of  impressions 
from  the  muscles,  although  it  is  doubtful  to  what  extent  the  impres- 
sions thus  conducted  influence  consciousness,  and  how  far  their  arrest 
entails  a  distinct  sensory  loss.  They  may  pass  up  to  the  cerebellum  and 
influence  the  co-ordinating  function  of  its  middle  lobe,  and  even 
influence  indirectly  the  cerebral  processes  which  subserve  conceptions 
of  movement  and  posture,  without  giving  rise  to  any  conscious  sensa- 
tion At  the  same  time  it  is  certain  that  sensations  from  the  muscles 
may  influence  consciousness  directly,  as  the  pain  of  cramp  sufficiently 
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shows.     The  sensory  muscle-nerves  are  apparently  influenced  by 
pressure  and  extension  ;  and  impressions  from  them,  determined  by 
the  adaptation  of  the  muscles  to  their  elongation  or  shortening  on 
passive  or  active  movement,  are  the  chief  elements  in  the  sense  of 
posture.    The  methods  by  which  this  sense  can  be  tested  have  been 
already  described  (p.  9).    Its  loss  is  more  common  in  disease  of  the 
nerves  or  nerve-roots  (as  in  tabes),  than  in  disease  of  the  conducting 
tracts,  but  is  often  very  marked  in  cases  of  unilateral  lesion  of  the  cord 
(see  p.  156)  and  then  exists  only  on  the  side  of  the  lesion.  The 
sense  of  posture  seems  to  be  impaired  more  readily,  and  by  a  slighter 
lesion,  than  the  setisitivene^s  of  the  nerves  to  external  pressure 
or  extreme  contraction  of  the  fibres,  whether  that  of  cramp  or  pro- 
duced by  electricity.    The  impairment  of  the  function  of  these  nerves 
seems  capable  of  causing  inco-ordination  of  movement  (see  p.  157). 
Perhaps  this  is  due  to  the  interruption  of  the  fibres  that  go  to  the 
cerebellum: 

Increased  sensitiveness,  hyperaesthesia  aiid  hyperalgesia,  are  also 
common  in  disease  of  the  spinal  cord,  and  usually  depend  on  irritation 
of  the  conducting  fibres  in  some  part  of  the  path,  but  whether  the 
irritation  produces  the  6Sect  by  intensifying  the  impression  as  it 
passes,  or  by  exalting  the  irritability  of  the  related  part  of  the  ce'rebral 
centre,  we  do  not  know.  The  former  hypothesis  is  tenable,  since  the 
phenomena  of  stimulation  of  nerves  shows  that  their  axis -cylinders 
have  some  power  of  transforming  other  forms  of  energy  into  nerve 
force,  I.  e.  of  evolving  nerve  force,  and  therefore  of  increasing  the 
strength  of  that  which  passes  along  them. 

The  increased  sensation  may  be  felt  as  actual  pain,  or  as  "  thrilling  " 
or  "  shock-hke  sensations."  It  is  probable  that  the  latter  are  due  to 
increased  sensitiveness  of  the  nerves  of  tactile  sensibility.  When 
there  is  an  extreme  increase,  pain  may  be  produced  by  a  touch,  but  it  is 
more  probable  that  the  touch  stimulates  the  over-sensitive  nerves  of 
common  sensibility,  than  that  actual  pain  is  produced  through  the 
tactile  nerves  Other  foi-ms  of  altered  sensibility  will  be  described  in  " 
the  account  of  the  diseases  in  which  they  occur 

Pam,  referred  to  the  spine,  occasionally  present  in  organic  disease 

bones'  '  En. '"^'^^  originating  in  the  meninges  or 
bones.  But  the  frequency  with  which  spinal  pain  is  present  in 
abdominal,  especially  gastric,  disease,  and'in  neuralgic  affe'ti  ns 
lessens  its  diagnostic  value  when  it  exists  alone.  Moreover,  in  cases  of 
organxc  disease,  pam  is  far  less  frequent  when  the  disease  begins  in  the 
cord,  than  when  it  commences  in  the  protecting  structures.    In  menin! 

of  he  bones  of  the  vertebral  column  it  is  an  almost  constant  symptom 
local  lir'n'  combiifatiin  of 

"  ra  hiXia n       r!"  '''''''     '^''^     ^'^^'-^Sio  pain, 

rachialgia,  -a  condition  that  is  often  loosely  termed  "  spinal  in-ita 
tion,"  especially  when  it  sucoppds  n=  i+ i  s.pmcn  uuca- 

1        J  nxicu  It  succecas,  as  it  often  does,  concussion  of  the 
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spine.  When  pain  about  the  spine  occurs  in  organic  disease  of  the 
cord,  it  is  more  often  referred  to  the  neighbourhood  of  the  spine,  to  the 
loins  or  the  sacrum,  than  to  the  spinal  column  itself.  Such  pain  is 
occasionally  an  early  symptom  of  organic  disease,  but  its  origin,  and 
precise  significance,  are  not  known. 

A  still  more  important  group  of  pains  are  those  which  are  referred 
to  the  parts  to  which  the  sensory  nerves  are  distributed,  and  have 
hence  been  termed  "excentric"  or  "radiating  pains."    They  are  due 
to  the  irritation  of  the  posterior  nerve-roots  in  their  passage  through 
the  intervertebral  foramina,  through  the  membranes,  or  through  the 
posterior  columns  of  the  cord.    Other  similar  pains,  usually  less  acute, 
may  be  produced  by  irritation  of  the  sensory  conducting  tract  higher  up 
the  cord.    These  are  of teu{  dull  pains,  closely  resembling  rheumatism, 
and  frequently  mistaken  for  rheumatism  by  the  patients  themselves 
and  their  medical  attendants.    The  mistake  is  the  more  easily  made, 
because  other  symptoms  suggestive  of  spinal  disease  may  be  incon- 
spicuous, and  the  rheumatoid  pains,  in  acute  cases,  may  be  accompained 
by  febrile  symptoms,  and  in  chronic  Cases  may  be  influenced  by  weather, 
being  much  more  troublesome  in  damp  and  cold  than  in  fine  and  dry 
weather.-   In  all  cases,  persistent  rheumatic  pains  in  the  limbs  should 
suggest  the  possibility  of  spinal  disease,  and  watch  should  be  kept 
for  such  symptoms  as  local  loss  of  power,  or  alterations  in  reflex  action. 
In  other  cases,  especially  in  locomotor  ataxy,  the  pains  are  sharp  and 
darting.    The  position  in  which  these  various  radiating  pains  are  felt 
— legs,  trunk,  or  arms — depends  (when  the  nerve-roots  are  irritated) 
upon  the  seat  of  the  disease— at  the  lumbar,  dorsal,  or  cervical  region 
of  the  cord.    Occasionally  the  irritation  is  felt,  not  as  a  sharp  pain, 
but  as  a  painful  sense  of  tightness,  as  if  a  band  were  tied  tightly 
around  the  limb  or  trunk— the  "  girdle-pain,"  as  it  is  called.  When 
there  is  transverse  damage  to  the  cord,  at  the  lowest  part  of  the  healthy 
region  there  is  a  state  of  irritation  of  the  sensory  nerves,  and  this  irri- 
tation (referred  to  the  nerve-endings)  causes  the  girdle-pain.  When 
the  nerve-roots  are  irritated  by  disease  of  the  vertebrae,  caries  or 
cancer,  the  pain  is  sometimes  severe,  and,  in  cancer,  is  especially 
increased  by  movement. 

Spontaneous  sensations,  other  than  pain,  are  very  common  in  disease 
of  the  spinal  cord,  and  are  often  of  considerable  diagnostic  importance, 
but  suggestive  rather  of  the  presence  of  a  morbid  state  than  of  its 
nature.  They  may  present  many  varieties  of  character,  but  the 
familiar  sensation  produced  by  pressure  on  a  nerve-trunk,  when  the 
part  is  said  to  be  "  asleep,"  is  the  most  common  and  the  most  signifi- 
cant. It  may  occur  in  functional  disturbance  of  the  cord  as  well  as 
in  organic  disease.  It  no  doubt  depends  on  over-action  of  the  sensory 
structures,  but  it  has  no  special  significance  as  to  the  locality  of 
disease.  It  may  be  excited  by  contact  when  it  is  not  spontaneous. 
The  still  vaguer  feeling  called  "  numbness  "  is  also  common,  and  may 
occur,  in  slight  degree,  in  diseases  of  which  all  other  symptoms  are 
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purely  motor.  All  spontaneous  sensations  are  felt  most  in  the  ex- 
tremities of  the  limbs,  on  the  palms  and  soles,  fingers  and  toes. 

Reflex  Action.-— ioss  of  reflex  action  indicates  an  interruption  of 
the  reflex  arc  concerned.    This  inteiTuption  may  be  anywhere  between 
the  peripheral  endings  of  the  motor  and  sensory  nerves,  and  thus  is 
not  necessarily  within  the  si^inal- cord,  or  even  within  the  spinal  canal. 
.  The  position  of  the  interruption  must  be  determined  by  the  associated 
symptoms ;  if  it  is  in  the  centripetal  portion  of  the  reflex  arc,  there  is 
impairment  of  sensation,  since  the  interruption  will  equally  arrest 
conduction  to  the  brain.    If  it  is  in  the  centrifugal  portion  of  the  arc 
there  is  a  corresponding  interruption  in  the  path  of  the  voluntary  im- 
pulse, and  loss  of  motor  power.   Moreover,  disease  of  the  motor  centre 
or  motor  nerves  causes  also  degeneration  of  the  nerves,  and  wasting 
of  the  muscles.    Disease  of  the  reflex  centre,  or  motor  nerves,  usuallv 
causes  loss  of  each  form  of  reflex  action,  but  partial  disease  of  the 
centripetal  path  may  impair  one  and  not  the  other,  may  abolish  the 
muscle-reflex  action  (myotatic  irritability),  and  not  the  superficial 
reflex  action,  smce  the  sensory  nerves  for  the  two  are  distinct,  coming 
in  the  one  case  from  the  muscles,  in  the  other  from  the  skin    It  is 
also  possible  that  partial  disease  of  the  central  structures  within  the 
cord  may  nnpair  one  and  not  the  other,  but  we  have  at  present  no 
evidence  of  the  difference  in  position  of  the  lesion  that  would  cause 
the  difference  m  effect.    It  is  important  to  remember  that  loss  of  all 
reflex  action  may  occur  as  a  transient  symptom,  immediately  after 

and  Tha   t  '  1  '^'^  "^^^  ™on 

and  that  loss  of  cutaneous  reflex  action  may  occur  as  a  persistent 
symptom  in  cases  of  brain  disease.  pt^rsisteni 
-f  cess  of  reflex  ^^^^^^     ^j^^  ^^^^  ^^^^^^ 

rtd  ETch  f?  r'r'y' .'^^  -*eg-ty  of  the  reflex  arcC 
cerned.  Each  form  of  reflex  action  may  be  increased.  In  some  acute 
diseases  the  increase  may  be  due  to  an  irritation  of  the  centT  but 
in  chronic  disease  it  is  apparently  the  result  of  a  loss  of  control  and 
indicates  dasease  between  the  centre  concerned  and  the  braiL  We 
have  already  considered  (p.  136)  the  probable  mechanism  and  hale 
seen  that  the  excess  of  the  muscle-reflex  action  is  related  to  diseale 
of  the  pyramidal  fibres,  and  especially  to  the  degeneration  or  altered 
functional  condition,  of  the  terminal  part  of  these  fi^es  '^Ihin  Ibp 
grey  matter,  adjacent  to  the  centres  co'ncemed.*    ThL  i^Te" 

bility  of  the  muscuZfib  ef               u  V"""'  ''"^'^'"'''^  *°  irrita- 

the  lower  seg^en      ihe     J  """^  degeneration  of  the  termination  of 

altered  n,ode'rf  r  ;pon  e  to  iio-r'  — «-ated,  since  the 

tnuscles.  seem  to  showTn  abno  m  I  "  """"'^^  ^"^^ 

tion  in  the  reflex  TntTes  of  the    1  /      T'"'""'  ^^^^  ^ 

centies  of  the  cord-unless  it  be  in  the  slow  and  moderate 
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cance  of  considerable  excess.    Degeneration  of  the  terminal  portions 
of  the  fibres  is  commonly  secondary  to  degeneration  of  the  fibres 
themselves.     It  is  possible,  however,  that  the  termination  of  the 
pyramidal  fibres  may  be  affected  without  degeneration  of  the  fibres 
themselves  in  the  lateral  column.    (This  subject  will  be  further 
considered  in  the  account  of  primary  spastic  paraplegia,)  The 
increase  of  reflex  action  is  chiefly  manifested  in  the  legs,  in  which 
reflex  action  is  normally  more  active  aiid  iinportant  than  in  the  arms. 
The  increase  in  the  cutaneous  reflex  action  is  shown  by  its  occurrence 
on  a  slighter  stimulation  of  the  skin,  and  by  a  greater  degree  and 
extent  of  the  muscular  contractions  produced,    In  these,  the  flexors 
usually  predominate,  so  that-  the  leg  is  drawn  up  in  a  strong  move- 
ment.    As  the  action  of  the  sexual  organs  depends,  in  part,  on 
superficial  reflex  processes,  priapism  is  •  common  when  the  reflex 
excess  is  great.    The  increase  of  the  muscle-reflex  action  is  shown  by 
ah  increase  of  myotatie  irritability,  and  therefore  of  the  so-called 
tendon-reflex  contractions,"— the  increased  knee-jerk,  rectus-clonus, 
foot-clonus,  &c.  ■  These  have  been  already  described  (pp.  11,  et  seq-)* 
The  excess  of  this  myotatie  irritability  is  at  first  moderate  in  degree, 
a^ld  slowly  increases.    A  high  degree  of  over-action  is  never  suddenly 
attained,  as  it  may  be  in  the  centres  for  superficial  reflex  action.  It 
would  seem  as  though,  in  the  centres  liberated  from  control,  a  sort  of 
functional  hypertrophy  occurs ;  their  nutrition,  and  capacity  for  action, 
responds  to  the  increased,  demand  upon  them. 

Reflex  Spasm.— We  have  seen  (p.  16).  that  the  muscular  state  on 
which  myotatie  irritability  depends,  assumed  to  be  due  to  a  muscle- 
reflex  action,  is  probably  identical  with  physiological  tone.  Whenever 
there  is  a  considerable  increase  in  the  irritability,  there  is  a  tendency 
to  tonic  extensor  spasm,  which  is  probably  an  excessive  and  morbid 
degree  of  the  normal  tone.  At  first  there  is  merely  shght  stiffness  of 
the  legs,  especially  felt  on  waking  from  sleep ;  afterwards  the  legs, 
when  extended,  become  distinctly  stiff,  although  they  may  be  quite 
supple  when  flexed.  If  gradually  extended,  when  near  full  extension 
the  spasm  suddenly  comes  on  and  completes  the  movement,  as  the 
blade  of  a  pocket  knife  moves  under  the  influence  of  the  spring. 
Hence  this  has  been  termed  "clasp-knife  rigidity."  intimately  the 
extensor  spasm  may  be  so  great  that,  when  it  occurs,  both  legs  are 
almost  as  rigid  as  an  iron  bar,  and  are  so  firmly  connected  with  the 
muscular  wasting,  mentioned  in  the  next  section,  as  occurring  after  other  irritating 
lesions  of  the  pyramidal  fibrea-a  wasting  which  indicates  a  slow  change  in  the  nutri- 
tion of  the  ganglion  cells.  ,  .  t     ■   ^         •  4.  a  4. 

*  In  addition  to  the  phenomena  there  described,  Moms  Lewis  has  pointed  out 
that  a  similar  contraction  in  the  muscles  of  mastication  can  be  obtained  by  striking 
the  chin  when  the  mouth  is  open,  and  that  this  contraction  may  be  excessive  when 
there  is  a  general  increase  of  these  phenomena.  Lewis  called  it  the  "chin  reflex" 
('  Philadelphia  Med.  and  Surg.  Reporter,'  May,  1886).  It  has  also  been  described  by 
Beevor  ('  Brain,'  Jan.,  1886).  De  WatteviUe  (ib.)  proposes  for  it  the  name  of  "jaw- 
jerk." 
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pelvis,  that  if  one  is  lifted  from  the  bed  the  other  is  moved  also. 
Paroxysms  may  be  brought  on  by  any  impression  on  the  sensory 
nerves,  a  prick  on  the  skin,  or  an  attempt  to  obtain  the  clonus.  The 
extreme  spasm  prevents  any  clonus  being  obtained,  and  it  may  be 
necessary  to  flex  the  limb  before  an  attempt  to  produce  the  clonus  is 
successful.    As  violent  spasm  is  passing  off,  however,  the  tension  of 
the  muscles  may  alone  set  up  a  clonus,  so  that  the  paroxysm  of  tonic 
spasm  passes  into  clonic  spasm,  a  phenomenon  that  was  termed  by 
Brown-Sequard  "  spinal  epilepsy,"  on  account  of  the  superficial  resem- 
blance to  the  sequence  of  spasm  in  an  epileptic  fit.    This  clonic  spasm 
may  often  be  arrested  by  any  strong  painful  impression  on  the  sensory 
nerves,  a  pinch  of  the  skin,  or  painful  flexion  of  the  big  toe.    There  is 
always  much  weakness  of  the  legs,  when  there  is  much  spasm,  and 
there  may  be  complete  paralysis.    Hence  the  condition  has  been 
termed  "spastic  paraplegia."    It  is  probable  that  the  central  mecha- 
nisms concerned  in  the  production  of  this  spasm  are  those  concerned 
in  the  reflex  act  of  standing.    The  spasni  often  enables  a  patient  to 
stand,  when  his  voluntary  power  is  quite  insufficient  for  the  act.  The 
extensor  spasm  may  be  Varied  by  attacks  of  flexor  spasm.    The  latter 
are  especially  apt  to  come  on  during  sleep. 

Vaso-motor  and  Trophic  Disturbance.— CAaw^es  in  Nutrition. ~ 
Considerable  wasting  of  the  muscles  indicates  disease  of  tbe  motor 
nerve-cells  or  of  the  nerve-fibres  proceeding  from  these  cells.    H  the 
disease  is  acute,  there  is  rapid  degeneration  of  the  nerves,  with  the 
reaction  of  degeneration— loss  of  faradaic  irritability  of  the  nerves, 
both  within  tbe  muscles  and  outside  them,  with  preservation  of  the 
voltaic  irritability  of  the  muscular  fibres  themselves  (see  p.  45)  The 
wasting  in  these  cases  is  always  great,  and  there  is  always  loss  of 
reflex  action.    Occasionally  some  fibres  of  the  nerve  and  muscle  suffer 
and  others  do  not,  causing  the  middle  or  mixed  form  of  reaction  (see 
p.  21)     In  other  cases  of  disease  of  the  spinal  cord,  however,  there  is 
a  slighter  degree  of  wasting  of  the  muscles;  there  is  no  loss  of  irrita- 
bility m  the  nerves;  the  irritability  may  be  sUghtly  increased  or 
lessened,  but  is  changed  in  the  same  way  to  each  form  of  electricity 
In  this  condition  there  is  no  loss  of  reflex  action.    The  change  is 
apparently  the  result  of  a  peculiar  alteration  in  the  nutrition  of  the 
nerve-cells.    It  is  usually  the  effect  of  an  irritative  degeneration  of  the 
pyramidal  fibres. 

The  changes  in  the  nutrition  of  the  skin,  if  slight  and  chronic, 
resemble  those  produced  by  disease  of  the  nerves  (see  p.  52),  and 
suggest  disease  of  the  posterior  roots.    Sometimes,  however,  these 
changes  are  more  acute  than  is  ever  seen  in  disease  of  the  nerves 
«.7pJ.    1  for  a  few  hours,  causes  vesication; 

t?"  '''^^^"^^  ^or..i^^e,  bull,  form  where  ther 

has  been  no  pressure.  Occasionally,  there  is  inflammation  of  the 
joints.    Such  intense  changes  are  only  met  with  when  the  morbid 
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process  in  tlie  cord  is  irritative  in  its  character.  The  points  on  whicli 
sloughing  occurs  with  greatest  readiness  are  the  heel,  over  the  malleoli, 
the  trochanters,  and  the  sacrum.  The  sacral  position  of  the  bedsores 
in  paraplegia  constitutes  a  difference  from  those  which  occur  ia 
hemiplegia,  which  form  over  the  gluteal  region  on  the  paralysed 
side. 

Vaso-moior  disturbance  is  common  in  slight  degree,  irrespective  of 
the  seat  of  the  disease,  but,  like  the  trophic  changes,  which  probably 
depend,  in  some  degree,  upon  it,  it  is  always  most  intense  in  irritative 
lesions  of  the  cord.  The  slighter  and  common  degree  consists  merely 
in  increased  warmth  of  the  limb  in  the  early  stages,  with  increased 
redness,  while,  at  a  later  period,  the  limbs  are  colder,  paler,  and  often 
livid  at  the  extremities.  In  rare  cases  intense  flushing  of  the  skin 
has  been  observed.  This  has  been  seen  chiefly  in  cases  of  disease 
of  the  intermediate  grey  matter.  In  the  same  class  of  cases  copious 
and  long-continued  perspiration  sometimes  occurs.  When  the  disease 
is  in  the  lower  cervical  region,  the  flushing  and  perspiration  involve 
the  face  and  head. 

Disease  of  the  cervical  cord  or  nerves  is  sometimes  attended  by  a 
change  in  the  pupil,  usually  one-sided.  There  may  be  contraction, 
from  paralysis  of  the  radiating  fibres  (the  sympathetic  supply  of 
which  is  ultimately  derived  from  the  cord),  or  there  may  be  persistent 
dilatation  from  irritation  of  the  fibres.  The  double  myosis,  so 
common  in  some  degenerative  diseases  of  the  cord,  is  probably  not  due 
to  the  latter,  but  is  the  result  of  simultaneous  degeneration  of  part 
of  the  nucleus  of  the  third  nerve. 

The  frequency  of  the  heart's  action  is  often  permanently  increased 
in  locomotor  ataxy,  but  we  do  not  know  by  what  mechanism.  In 
disease  of  the  cervical  cord  (perhaps  also  in  that  of  the  cervical 
nerve-roots)  the  heart  may  be  slowed  to  forty,  thirty,  or  twenty  beats 
per  minute,  usually  only  for  a  time.  The  effect  may  perhaps  be  due 
to  a  loss  of  the  influence  of  the  nerves  which,  when  stimulated,  quicken 
the  heart,  or  it  may  be  produced  by  an  indirect  upward  influence  on 
the  centre  for  the  vagus. 

Visceral  and  other  Disturbances. — Various  disturbances  in 
the  alimentary  canal  occur  in  disease  of  the  spinal  cord,  and  are  no 
doubt  due  to  the  fact  that  the  sympathetic  nerves  immediately  con- 
trolling the  canal  are  under  the  influence  of  the  spinal  cord,  and  may 
be  excited  to  abnormal  action  by  its  irritation,  or  may  underact  when 
its  influence  is  lessened.  Thus  difficulty  of  deglutition  is  observed  in 
some  cases  of  acute  disease  of  the  upper  cervical  cord.  Vomiting 
occurs  also  in  disease  of  the .  same  part,  especially  in  fracture  of  the 
cervical  vertebrae,  and,  in  paroxysmal  form,  attends  some  cases  of 
chronic  disease.  Constipation  is  extremely  common  in  disease  of  the 
cord  above  the  lumbar  enlargement. 

Paralysis  of  the  Sphincters— Incontmence  of  urine  and  fseces  may 
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be  due  to  disease  of  the  centres  that  control  the  action  of  the 
sphincter  ani  and  the  muscular  mechanism  of  the  bladder  respectively, 
or  it  may  be  due  merely  to  disease  of  the  path  (probably  the  pyra- 
midal tract)  through  which  voluntary  control  is  exerted.    In  the 
latter  case  the  sphincter  ani  acts  in  an  automatic  reflex  manner  as 
already  explained.    If  the  finger  is  introduced  within  it,  the  initial 
relaxation  is  felt  to  be  succeeded  by  a  firm  tonic  contraction.  This 
proves  that  the  anal  centre  in  the  lumbar  enlargement,  and  the 
nerves  proceeding  from  it,  are  intact.    If  this  centre  is  destroyed,  or 
the  nerves  interrupted,  no  tonic  contraction  can  be  felt;  there  is 
complete  and  persistent  relaxation.    The  sphincter  of  the  bladder  is 
not  accessible  to  such  direct  examination,  and  the  mechanism  seems 
to  be  more  complex,  but  we  may  distinguish  conditions  corresponding 
to  those  of  the  rectum.    If  the  lumbar  centre  is  destroyed  the 
sphincter  is  permanently  relaxed ;  urine  dribbles  out  of  the  bladder  as 
fast  as  it  enters  it;  there  is  simple  incontinence.    If  there  is  an 
interruption  of  the  voluntary  path,  the  sphincter  may  act  automatic- 
ally ;  when  a  certain  amount  of  urine  has  collected  in  the  bladder  it 
excites  the  muscular  fibres  in  the  wall  to  contract;  the  sphincter 
relaxes,  and  the  urine  escapes;  there  is  intermittent  incontinence. 
In  this  condition  the  mechanism  is  excited  to  action  by  any  pressure 
on  the  bladder;  a  movement,  or  the  act  of  coughing,  will  make  the 
urine  come  away.    But  the  muscle  of  the  waU  of  the  bladder  is 
mdirectly  under  the  influence  of  the  will;  when  the  sphincter  is 
voluntarily  relaxed  the  detrusor  fibres  in  the  wall  contract.  Loss 
of  voluntary  power  seems  to  lead  to  weakness  in  the  wall  of  the 
bladder,  so  that  the  bladder  is  never  perfectly  emptied,  and  ultimately 
the  detrusor  cannot  contract  to  expel  the  urine,  even  when  the 
sphincter  is  relaxed.    Hence  retention  of  urine  occurs.    When  a 
certain  degree  of  distension  of  the  bladder  is  attained,  the  pressure 
becomes  sufficient  to  force  the  urine  out,  whenever  the  sphincter 
relaxes,  and  such  relaxation  is  continually  occurring  under  the  high 
pressure  that  is  continually  renewed  in  consequence  of  the  flow  from 
the  kidneys.    Hence  incontinence  results-- overflow  incontinence" 
it  IS  important,  if  the  urine  comes  away  involuntarily,  to  ascertain 
which  form  of  incontinence  exists ;  since  overflow  incontinence,  and 
the  retention  it  indicates,  have  much  graver  consequences  than 
simple  incontinence.    The  permanent  distension  of  the  bladder  con- 
stitutes  a  permanent  hindrance  to  the  flow  of  urine  from  the  kidneys 
o?i'T^'  kidney  disease  may  result.    This  is  a  not  uncommon  cause 
of  death  in  spinal  disease.    Moreover,  whenever  the  bladder  is  habitu- 
urine  TP^^^^*.^^'  decomposition  is  apt  to  occur  in  the  residual 

eZ  .oU^^  decomposition  is  often  aided  by  the  lessened  acidity,  or 

ITIT^L       r'^'f       """"  ^^-g^  -  *he  composft  on 

of  the  unne  excites  inflammation  of  the  bladder;  pus  is  formed  by 
the  mucous  membrane,  and  this,  in  its  turn,  increa^s  the  delmpo- 
Bxtion  of  the  unne.    The  damage  to  the  kidneys,  by  the  hindrance'^to 
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tlie  flow  of  urine  from  them,  may  be  increased  by  inflammation 
ascending  the  ureters  from  the  bladder. 

Pyrexia. — The  general  body  heat  is  sometimes  changed  in  disease  of 
the  cord  apart  from  the  influence  of  the  kind  of  lesion.  Disease  of  the 
upper  cervical  cord,  like  that  of  the  medulla,  sometimes  causes  hyper- 
pyrexia, and  this  may  also  result  from  acute  central  lesions  that 
occupy  a  considerable  vertical  extent,  such  as  a  central  haemorrhage. 

Convulsions. — Lastly,  convulsive  attacks  have  been  known  to  attend 
the  onset  of  acute  lesions  in  various  parts  of  the  cord,  in  adults  as 
well  as  in  children.  They  are  most  frequent  in  disease  of  the  cervical 
cord,  but  I  have  known  a  convulsion  to  occur  at  the  onset  of  myelitis 
in  the  lower  dorsal  region.  The  convulsions  are  general.  Their 
mechanism  is  unknown,  but  in  connection  with  them  the  readiness 
with  which  hemisection  of  the  cord  renders  a  guinea-pig  epileptic  may 
be  borne  in  mind. 

Combination  or  Symptoms. — Certain  symptoms  are  frequently 
combined,  and  their  combination  has  a  definite  localising  significance. 
Loss  of  motor  power  occurs  in  two  different  associations,  according  to 
the  position  of  its  cause  in  the  motor  path.  It  may  be  combined 
with  muscular  wasting,  loss  of  electric  irritability,  and  loss  of  all 
reflex  action.  Li  this  case  the  disease  is  in  the  anterior  cornua  or 
nerve-roots,  the  lower  segment  of  the  motor  path.  On  the  other 
hand,  there  may  be  no  wasting,  no  change  in  irritability,  and,  instead 
of  a  loss  of  reflex  action,  the  myotatic  irritability  is  increased.  The 
interruption  of  the  motor  path  is  then  in  the  upper  segment,  usually 
in  the  pyramidal  tracts.  It  may  be  a  focal  lesion  of  the  cord,  or  a 
primary  degeneration  of  the  tracts.  The  distinction  is  that,  in  the 
latter  case,  there  is  nothing  more  than  the  muscular  weakness  and 
increased  myotatic  irritability.  In  the  former  case  there  are,  or  have 
been,  indications  that  the  lesion  has  extended  beyond  the  purely  motor 
elements. 

The  symptoms  caused  by  disease  of  the  several  elements  of  the  cord 
have  now  been  described,  but  it  is  necessary  to  consider  further  the 
combination  of  symptoms  that  results  from  a  total  transverse  lesion  of 
the  cord,  and  from  a  unilateral  lesion. 

A  total  transverse  lesion,  however  limited  in  vertical  extent,  sepa- 
rates from  the  brain  all  parts  below  the  lesion,  and  hence,  so  far  as 
will  and  perception  are  concerned,  it  produces  the  same  effect  as  if 
the  whole  of  the  cord  below  the  lesion  were  destroyed.  A  section 
across  the  cord  in  the  middle  of  the  cervical  enlargement,  for  instance, 
abolishes  motion  and  sensation  in  all  parts  below  the  distribution 
of  the  cervical  plexus  and  the  phrenic  nerve.  Hence  the  extent  of 
the  motor  and  sensory  paralysis  indicates  only  the  upward  limit  of 
the  lesion.  This  is  also  indicated  by  the  position  of  the  girdle-pain, 
and  radiating  pains,  or  zone  of  hypereesthesia,  which  are  due  to  the 
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irritation  of  the  sensory  nerves  in  the  lowest  part  of  the  upper  seg- 
ment. It  is  desirable  to  know  the  symptoms  that  occur  when  a  trans- 
verse lesion  is  at  different  heights  in  the  spinal  cord.  They  may 
readily  be  ascertained  by  an  examination  of  the  table  given  at  p.  142. 
There  is,  however,  some  uncertainty  as  to  the  effect  on  sensation  in 
the  limbs,  of  disease  at  different  parts  of  the  lumbar  and  cervical  en- 
largements, since,  as  we  have  seen,  the  exact  representation  of  sensation 
in  the  cord  is  still  uncertain. 

The  upper  limit  of  the  lesion  is  shown  by  the  upward  extent 
of  the  motor  and  sensory  loss,  according  to  the  first  three  columns. 
The  lowest  nerves  supply  the  anus  and  perineum.     Those  that 
supply  the  skin  and  muscles  of  the  leg  and  foot  arise  from  the 
fourth  lumbar  to  the  third  sacral  segments,  and  are  damaged  by 
a  lesion  involving  the  lower  part  of  the  lumbar  enlargement.  We 
must,  however,  remember  that  the  skin  of  the  inner  part  of  the 
leg  is  not  supplied  from  the  sacral  nerves,  and  so  may  escape 
when  the  outey  part  of  the  leg,  and  back  of  the  thigh,  have  lost 
sensation.    In  the  middle  of  the  lumbar  enlargement  the  nerves 
anse  which  enter  the  lumbo^sacral  cord,  and  these  are  probably 
destined  for  the  flexors  of  the  knee,  and  for  the  hip-muscles  supplied 
by  the  sacral  plexus,  the  glutei,  quadratus,  and  gemelli,  and  for  the 
skm  of  the  lower  part  of  the  gluteal  region.    These  parts  then  will  be 
paralysed  by  disease  in  the  middle  of  the  lumbar  enlargement,  while 
the  muscles  and  skin  in  front  of  the  thigh  are  unaffected.    The  latter 
suffer  when  the  disease  affects  the  upper  part  of  the  lumbar  enlarge- 
ment, the  origin  of  the  anterior  crural  (rectus,  &c.),  and  obturator 
(adductors).    The  skm  on  the  upper  and  outer  parts  of  the  thigh  loses 
sensibility,  with  the  part  adjacent  to  the  scrotum,  and  in  the  groin 
only  when  the  disease  damages  the  highest  part  of  the  lumbar  enlarge- 
ment, from  which  the  second  and  third  lumbar  nerves  arise,  and  then 
the  flexors  of  the  hip  become  paralysed.    In  proportion  as  the  disease 
IS  higher  m  the  dorsal  region,  we  have  the  symptoms  ascending  higher 
up  the  trunk,  and  marking  accurately  the  height  of  the  lesion  by  the 
loss  of  cutaneous  sensibility,  and  by  the  impairment-first,  of  the  ab 
dominal  muscles,  and  then  of  the  intercostal  muscles.    The  umbilicus 
corresponds  to  the  tenth  dorsal  nerves,  and  the  ensiform  area  to  the 
sixth  and  seventh.    When  the  disease  reaches  the  lowest  part  of  the 
cervxcal  enlargement  (the  first  dorsal  nerves),  we  have  the  first  sym- 
ptoms in  the  upper  extremity  ;  but  these  are  not,  as  might  be  expected, 
in  the  muscles  moving  the  shoulder-joint,  but  in  the  hand.    The  first 
numbness  is  complained  of  in  the  little  finger,  and  the  first  weakness 
IS  m  the  mtnnsic  muscles  of  the  hand.    Ascending  higher,  the  sym- 
ptoms pass  up  the  arm  with  some  uniformity,  and  without  respect  To 
rZLtTtT  .^,^-^^^-id<ileof  the  cervical  enlargement 

the  sets      ^'  ^'^^"'^  '''^'^^'^         shoulder-mu^scles  and 

tHe  serratus  magnus  become  paralysed,  and  there  is  general  loss  of 
power  and  sensation.    (For  details  see  table,  p.  142,  and  also  p.  128  ) 
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Above  the  level  of  the  sixth  pair,  the  trap'ezius  and  sterno-mastoid 
become  somewhat  weakened,  for  the  fibres  of  the  spinal  accessory 
which  supply  them  undoubtedly  arise  in  part  from  this  region  of 
the  cord.  At  the  fourth  and  fifth  cervical  the  lower  part  of  the 
neck  becomes  ansesthetic,  and  the  diaphragm  ceases  to  act.  Here 
our  localisation  might  cease,  for  total  transverse  lesions  at  this  spot 
necessarily  cause  death.  For  a  little  time  the  sterno-mastoids  and 
scaleni  can  still  get  some  air  into  the  chest,  rarely  in  sufficient 
amount  to  maintain  life  for  more  than  a  few  days.  But  limited 
lesions  may  occur  higher  up,  and  then  we  have  complete  power- 
lessness  of  the  muscles  moving  the  head,  upper  part  of  trapezius  and 
sterno-mastoid,  and  other  muscles  attached  to  the  occipital  bone, 
and  interference  with  sensation  in  the  neck  and  parts  of  the  head, 
which  are  not  supplied  by  the  fifth  nerve. 

The  extent  downwards  of  the  lesion,  its  vertical  extent,  is  thus  not 
indicated  by  the  im|)airment  of  the  conducting  functions,  by  the  motor 
or  sensory  paralysis  ;  to  ascertain  it  we  have  to  examine  the  functions 
of  the  cord  as  a  central  organ,  and  to  ascertain  how  far  they  are 
impaired  in  the  paralysed  region — to  examine  especially  muscular 
nutrition  and  refl.ex  action.  The  state  of  muscular  nutrition  and 
irritability  indicates  how  far  the  anterior  cornua  are  injured.  The 
relation  of  the  several  groups  of  muscles  to  the  cord  is  shown  in  the 
fi.rst  column  of  the  table.  The  integrity  of  reflex  action  indicates  the 
integrity  of  the  reflex  loops,  and  the  study  of  the  superficial  reflexes  of 
the  trunk  is  especially-instructive  in  this  respect.  The  series  of  reflexes, 
and  the  relation  of  each  to  the  cord,  are  shown  in  the  third  column  of 
the  table  ;  the  myotatic  contractions  are  printed  in  italics  in  the  position 
which  corresponds  to  the  centres  and  nerve-roots  which  are  essential 
for  their  production.  Excess  of  superficial  .reflex  action  indicates 
withdrawal  of  the  cerebral  controlling  influence  of  the  reflex  centres, 
and,  marked  excess  of  the  muscle-reflexes  suggests  the  existence  of 
a  descending  degeneration  in  the  lateral  columns,  since  it  implies 
impaired  function  of  the  lowest  part  of  the  pyramidal  tracts. 

Unilateral  lesions  interrupt  the  motor  path  to  the  muscles  on  the 
same  side  as  the  lesion,  causing  one-sided  palsy,  termed  "  spinal  hemi- 
plegia" when  the  disease  is  so  high  as  to  affect  both  arm  and  leg, 
"  hemi-paraplegia  "  when  it  is  lower,  and  affects  one  leg  only.  There 
is  often  some  loss  of  power  on  the  opposite  side,  which  may  be  due 
either  to  slighter  damage  to  the  other  side  of  the  cord  (since  few  lesions 
are  strictly  unilateral)  or  to  damage  to  non-decussating  pyramidal 
fibres.  Conversely,  the  paralysis  of  the  leg  may  be  incomplete  when 
that  of  the  arm  is  complete,  owing  to  the  escape  of  the  fibres  for  the 
leg  which  cross  lower  down  the  cord.  Sensation  is  affected  on  the 
opposite  side,  but  not  quite  up  to  the  level  of  the  lesion,  because  the 
decussation  of  the  sensory  tract  is  not  immediate,  but  occurs  somewhat 
above  the  entrance  of  the  nerves.  The  upper  level  may  vary  for 
different  forms  of  sensibility,  in  consequence  probably  of  the  level  of 
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crossing  (in  relation  to  entrance)  being  different  for  the  several  paths. 
A  lesion  in  one  side  of  the  lumbar  enlargement  often  affects  sensation 
on  the  same  side  as  motion,  because  it  damages  the  sensory  path 
before  it  has  crossed.  In  all  cases  of  crossed  motor  and  sensory  para- 
lysis, the  sensibility  of  the  muscles  differs  from  the  other  forms  of  sen- 
sibility, and  if  it  is  affected  on  one  side,  this  is  the  side  of  the  motor 
palsy  and  not  of  the  cutaneous  anaesthesia.* 

The  crossed  affection  of  cutaneous  sensibility  may  involve  all  forms 
of  sensation,  or  only  some  of  them.  Sensibility  to  pain  is  almost 
invariably  impaired.  The  temperature  sense  is  usually  affected  with 
that  for  pain;  in  only  two  of  twenty  recorded  cases  (in  which  the 
affection  of  sensibility  was  carefully  noted)  was  the  sense  of  temperature 
normal,  and  that  of  pain  impaired,  and  in  neither  of  these  cases  was 
the  sensibility  to  pain  actually  lost.  On  the  other  hand,  in  one  third 
of  the  cases  tactile  sensibility  was  unaffected  and  in  about  one-tenth  of 
the  cases  it  has  been  impaired  on  both  sides. 

Cutaneous  sensibility  is  sometimes  impaired  in  a  zone  at  the  level  of 
the  lesion,  and  on  the  same  side,  in  consequence  of  the  damage  to  the 
nerve-roots  entering  the  cord,  and  above  this  there  may  be  a  narrow 
band  of  hypersesthesia  from  irritation  of  the  roots  at  the  upper  part 
of  the  lesion.    On  the  side  of  the  lesion,  below  the  anaesthetic  zone, 
there  is,  m  most  cases,  a  remarkable  hypersesthesia,  corresponding  in 
distribution  with  the  anesthesia  on  the  opposite  side.    Painful  impres- 
sions are  felt  most  acutely,  and  even  a  touch  on  the  skin,  or  warm  or 
cold  bodies,  produce  pain.    The  cause  of  this  hyperesthesia  is  obscure 
Both  It  and  the  opposite  loss  of  sensibility  may  last  for  twenty  years 
and  It  cannot  be  ascribed  therefore  to  any  irritation  by  the  morbid 
process.    It  is  perhaps  due  to  an  altered  action  of  the  cerebral  centres 
on  the  opposite  side  of  the  brain.    There  is  much  evidence  of  an  inti- 
mate connection  between  the  sensory  centres  on  the  two  sides,  and  it  is 
conceivable  that  the  altered  functional  state  of  the  centre  on  the  side 
oi  the  lesion,  to  which  impressions  cease  to  come,  may  induce  in  the 
opposite  hemisphere  a  condition  expressed  as  hypersesthesia.    The  con- 
dition  may  be  thought  of  in  relation  to  the  peculiar  phenomena  of 
transfer  in  hysterical  hemianesthesia. 

Eeflex  action  is  increased  in  all  its  forms  on  the  side  of  the  lesion, 

*  This  was  first  pointed  out  by  Brown-Sequard  in  his  important  study  of  these 
case,    Sceptjcxsn,  has  been  expressed  as  to  the  fact,  based  on  a  deniaf  that  the 
est  con,a,only  employed,  recognition  of  posture,  is  significant.    Exp  riments  o^^ 

strong,  not  only  of  the  occurrence  of  the  loss,  but  of  the  significance  of  the  test  Tn 

sibility  in  the  t\X7ZI'    7      .        ,  ""^^'"^  ^^"'^^  cutaneous  sen- 

cutaneous  sensib  HU  wa^s        "l  ''''  «^<^«'  -  -^-1^ 

was  present    n^heXiTht  ^idT'on     b         f  ^"''^^  ^'"^^ 
patient  often  thought  ?he  le  t  le"!  fl    TTZ  """''^^^  ^''^  ^'^^ 
le.  presented  distiL  at^r  '^^C^^^^,  ^ 


158 


SWNAL  CORD. 


but  the  increase  only  occurs  after  some  days.  At  first  it  is  lessened  or 
even  abolished,  no  doubt  from  the  inhibitory  influence  of  the  irritation 
of  the  morbid  process^ 

The  side  below  the  lesion  is  at  fifst,  for  some  days  or  even  "weeks, 
warmer  than  the  other,  the  difference  being  usually  about  a  degree 
Fahrenheit-  In  the  course  of  time  this  difference  passes  away  and  the 
side  may  even  be  colder  than  the  other. 

These  symptoms  may  be  shown  in  the  form  of  a  table  : 


Zone  of  cut.  hyperesthesia. 
 ^anaesthesia. 

LESION. 

Motor  palsy. 
Hypersesthesia  of  skin. 
Muscular  sense  impaired. 
Reflex  action  first  lessened  then 

increased. 
Temperature  raised. 

>  \ 

Muscular  power  normal. 
Loss  of  sensibility  of  skin. 
Muscular  sense  normal. 
Reflex  action  normal. 

Temperature   same  as  that 
above  lesion. 

The  vertical  distribution  of  the  symptoms  varies  according  to  the 
vertical  position  of  the  lesion.  Their  relations  are  best  marked  when 
the  lesion  is  in  the  dorsal  region  of  the  spinal  cord.  When  it  is  in  the 
cervical  or  lumbal*  enlargement  the  upper  limit  is  less  distinct  because 
of  the  complex  representation  of  skin  and  muscle  in  the  nerve-roots. 


GENEBAL  PATHOLOGY  AND  ETIOLOGY:  INDICATIONS  OF  TMH 
NATURE  OF  THE  LESION:  PATHOLOGICAL  DIAGNOSIS. 

The  kinds  of  disease  to  which  the  spinal  cord  is  liable  are  not 
specifically  numerous,  but  those  which  are  common  present  several 
varieties.  The  processes  are  congestion  and  anaemia,  haemorrhage, 
inflammation,  degeneration,  and  growths.  Haemorrhage  and  growths 
are,  on  the  whole,  rare.  Congestion  and  anaemia  play  an  uncertain 
part  in  the  production  of  symptoms  ;  their  influence  has  been  certainly 
overrated  by  some  writers,  and  perhaps  under- estimated  by  others. 
The  most  frequent  lesions  are  inflammation  and  degeneration.  These 
two  processes,  distinct  in  their  typical  forms,  blend  in  their  inter- 
mediate varieties.  Inflammation  varies  much  in  character  and  course. 
Its  effects  are,  in  some  cases,  produced  with  great  rapidity,  in  other 
cases  with  extreme  slowness.  It  probably  commences  in  most  instances 
outside  the  nerve-elements,  which  are  secondarily  involved.  Perhaps 
some  acute  processes  in  the  nerve-elements  themselves  are  most 
accurately  regarded  as  a  parenchymatous  inflammation,  Degenera- 
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tion  consists  of  two  processes,  a  wasting  of  the  nerve-structures,  cells 
and  fibres,  and  an  overgrowth  of  the  connective-tissue  elements.  The 
latter  leads  to  the  condition  termed  sclerosis.    The  name  has  been 
given  to  it,  probably,  because  the  process  is  one  that,  in  other  organs, 
increases  their  consistence.    In  the  cord  it  has  not  often  this  effect. 
The  newlj-formed  connective  tissue  is  rarely  of  greater  firmness,  and 
is  often  less  fii-m,  than  the  nerve- elements  it  rej)laces.    In  degeneration 
we  must  distinguish  two  types.    In  one  the  process  is  limited  to 
stmctures  that  have  the  same  function ;  the  degeneration  probably 
begins  in  the  nerve-elements,  and  the  overgrowth  of  connective  tissue 
is  consecutive.    The  so-called  "  secondary  degenerations  "  are  of  this 
character ;  but  similar  changes  are  often  primary.    In  the  other  type 
the  degenerative  changes  are  not  distributed  according  to  function. 
They  are  apparently  random  in  incidence,  and  probably  begin  in  the 
connective  tissue  outside  the  nerve-elements,  which  suffer  secondarily. 
Insular  sclerosis  is  an  example  of  this  type.    It  is  this  form  which 
presents  the  chief  gradation  to  chronic  iuflammation. 
-y.       Softening  of  the  spinal  cord  is  very  common.    Whenever  the  nerve- 
fibres  are  broken  up  into  disconnected  globules  of  myelin,  separated  by 
serum  in  a  sort  of  emulsion,  the  consistence  of  the  part  is  necessarily  • 
lessened .    Inflammation  always  causes  such  a  breaking  up  of  the  nerve- 
fibres,  and  hence  inflammation  always  causes  softening  as  its  first  effect. 
Ultimately,  connective-tissue  elements  are  formed,  which  increase  the 
consistence,  it  may  be  up  to,  and  even  beyond,  the  normal  degree.  In 
a  very  chronic  inflammation  the  formation  of  new  tissue  may  proceed 
pari  passu  with  the  destructive  process,  and  there  may  be,  at  no 
time,  much  diminution  of  consistence.    It  is  in  these  cases  that  it  is 
difficult  to  draw  the  Hue  between  inflammation  and  degeneration. 
^  Does  such  softening  of  the  cord  occur  apart  from  inflammation  ?  The 
question  is  not  easy  to  answer.    In  the  brain,  necrotic  softening  is 
very  common  as  a  consequence  of  arterial  obstruction-is  indeed  the 
common  form  of  softening.    But  in  the  spinal  cord  we  have  no  \ 
evidence  of  the  occurrence  of  necrotic  softening.    If  embolism  occurs 
It  IS  excessively  rare.    Arterial  thrombosis,  due  to  atheroma  of  the 
waUs  of  the  vessels,  such  as  is  so  common  in  the  brain,  probably  does 
not  occur  in  the  cord.    The  arteries  are  smaller  than  those  in  which 
atheroma  IS  met  with  in  the  brain,  and  the  lowness  of  the  blood  pres- 
sure within  them  involves  the  absence  of  the  chief  cause  of  atheroma 
It  IS  possible  that  spontaneous  thrombosis  may  sometimes  set  up  the 
changes  that  are  now  regarded  as  those  of  primary  inflammation,  but 

TiderrdTth  f  ^"^^^^^^  f-rt^er  con- 

siclered  m  the  account  of  inflammation. 

hfZ^lZ"  outside  it.    It  may  be  compressed 

Comrsi'  \  ^  r^""'"'  inflammation,  within  the  spinal  canal. 
bir,^,n!l         .      ^  degeneration  of  the  nerve-elements, 

but  usually  excites  actual  inflammation.    This  "  compression-myelitis 
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may  attain  a  degree  and  an  acuteness  out  of  all  proportion  to  the 
causal  compression.  The  membranes  may  be  the  seat  of  haemorrhage 
which  compresses  the  cord,  or  inflammation  which  irritates  it,  even 
when  the  organ  is  not  invaded  in  appreciable  degree. 

The  series  of  recognised  lesions  of  the  spinal  cord,  obvious  or  micro- 
scopic, does  not  by  any  means  exhaust  the  list  of  its  morbid  states. 
Changes  may  occur  in  the  nutrition  of  its  elements  interfering  with 
their  function,  which  are,  and  are  likely  to  remain,  altogether  beyond 
our  means  of  detection.  Such  morbid  states  are  often  called  "  func- 
tional diseases,"  but  when  prolonged  they  are  probably  more  accurately 
conceived  as  nutritional  diseases  (see  p.  1).  Derangements  of 
function  that  we  can  regard  as  purely  such  are  few  and  rare.  It  is 
thus  convenient  to  think  of  the  pathological  conditions  of  the  cord 
under  the  four  types  which  we  considered  (p.  2)  as  presented  by 
diseases  of  the  nervous  system  generally.  The  types  are  not  always 
sharply  separated,  but  are  not  therefore  less  useful.  (1)  Organic  dis- 
ease, conspicuous  to  naked-eye  examination,  such  as  a  haemorrhage  or 
tumour.  (2)  Structural  disease,  presenting  only  change  in  tint  or  con- 
sistence to  the  naked  eye,  but  distinct  tissue-changes  on  microscopical 
examination.  (3)  Nutritional  disease,  causing  no  change  recognisable 
even  by  the  microscope.    (4)  Functional  disease,  purely  such. 

In  connection  with  the  general  pathology  of  diseases  of  the  spinal 
cord,  it  is  important  to  note  certain  general  facts  of  their  causation :  — 
(1)  An  inherited  tendency  to  disease  of  the  nerve-elements,  manifested 
by  such  afEections  as  epilepsy  and  insanity.    This  cause  is  chiefly  in- 
fluential in  producing  the  structural  and  nutritional  diseases,  begin- 
ning in  the  nerve-elements,  and  especially,  among  structural  diseases, 
the  "  system- degenerations"  as  they  are  called.    (2)  Injury.— A  severe 
concussion  of  the  cord  may  cause  (a)  instant,  grave  damage,  usually 
haemorrhage.    Or  (b)  it  may  cause  no  immediate  effect,  but  symptoms 
may  come  on  at  the  end  of  a  few  days  and  progress  slowly  or  rapidly. 
Such  symptoms  are  usually  due  to  inflammation,  simple,  or  secondary 
to  minute  spots  of  injury.    Lastly  (c),  the  concussion  sometimes  seems 
to  pervert  the  process  of  nutrition  in  the  nerve-elements.    Slow  sym- 
ptoms of  impaired  function  may  result,  and  these  may  progress 
until,  after  months  or  years,  there  is  actual  structural  disease. 
(3)  Exposure  to  cold. — Wet  cold  is  especially  effective.    The  most 
frequent  effect  of  a  severe  exposure  is  acute  inflammation,  but  habitual 
exposure  may  produce  chronic  inflammation,  or  degenerative  disease. 
The  exposure  that  is  effective  may  be  general,  or  chiefly  of  the  feet  and 
legs,  occasionally  of  the  back.    (4)  Syphilis.— The  demonstrated  ways 
in  which  syphilis  interferes  with  the  spinal  cord  are  (a)  by  a  syphilitic 
growth,  compressing  or  invading  the  cord,  and  (&)  by  chronic  syphilitic 
meningitis,  damaging  the  cord  and  the  nerve-roots.   But  (c)  acute  and 
chronic  inflammations  of  the  cord  are  often  met  with  in  syphilitic 
subjects,  and  have  been  thought  to  be,  in  many  instances,  of  syphilitic 
origin.    It  is  doubtful  whether  they  present  any  syphilitic  characters, 
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i.  e.  any  histological  features  by  which  they  differ  from  non-syphilitic 
inflammations.  The  evidence  of  dependence  on  syphilis  is  stronger 
in  the  case  of  chronic  and  subacute  disseminated  inflammation  than 
in  the  case  of  acute  myelitis.  Lastly  (cZ),  certain  degenerative  diseases 
of  the  cord  are  very  commonly  preceded  by  syphilis;  one  of  them, 
locomotor  ataxy,  so  frequently  that  a  causal  relation  between  the  two 
can  scarcely  be  doubted.  But  these  degenerative  diseases  are  certainly 
not  syphilitic  in  nature;  they  differ  in  no  respect  from  the  similar 
morbid  processes  that  occur  in  individuals  who  have  not  had  syphilis. 

The  outline  just  given  of  the  general  pathology  and  etiology  of 
diseases  of  the  spinal  cord  will  enable  us  to  consider  the  last  element 
in  diagnosis,  the  nature  of  the  lesion.  The  seat  of  the  disease  is 
indicated  by  the  combination  of  symptoms ;  its  natui'e  can  only  be 
determined  by  considering,  separately  and  together,  several  other 
points : — (1)  The  way  in  which  the  symptoms  came  on.  (2)  The 
causes  that  can  be  traced,  taken  in  conjunction  with  the  known  effects 
of  those  causes.  (3)  The  seat  of  the  disease,  taken  in  conjunction 
with  the  known  liability  of  certain  structures  to  certain  lesions.  The 
most  important  of  these  elements  is  the  mode  of  onset,  and  the  other 
indications  should  only  be  used  in  strict  subordination  to  this. 

The  time  occupied  by  the  onset  of  the  disease  is  thus  the  first 
element  in  the  pathological  diagnosis.  By  "  time  of  onset "  is  meant 
the  period  that  elapses  between  the  actual  commencement  of  the 
symptoms  and  their  attainment  of  a  considerable  degree  of  intensity. 
We  may  divide  the  chief  modes  of  onset  into  five  classes,  and  classify 
the  most  common  diseases  in  relation  to  them,  in  the  following  table : 


Disease.  Onset.  Disease. 

Sudden 

(few  minutes) 
Acute 

(few  hours  or  days) 
C  Subacute 

I      (one  to  six  weeks) 
Pressure  and  J  Subchronic 

'      (six  weeks  to  six  montlis)_ 
Chronic  \-  Degeneration, 

(more  than  six  months) 


►  Vascular  lesions. 
^Inflammation. 


growths 


jDe 


A  lesion  of  sudden  occurrence,  the  symptoms  developing  in  the 
course  of  a  few  minutes,  is  almost  always  vascular,  commonly  hEemor- 
rhage,  sometimes  perhaps  vascular  obstruction.  But  a  vascular  lesion 
may  occupy  a  somewhat  longer  time  in  development— a  few  hours  or 
days.  In  acute  and  subacute  inflammation  the  symptoms  come  on  in 
the  course  of  a  few  hours,  a  few  days,  or  a  few  weeks.  Subacute  and 
chronic  inflammation  occupies  from  a  few  weeks  to  a  few  months. 
Degeneration,  in  which  there  is  no  adequate  evidence  of  any  inflam- 
matory process,  occupies  many  months,  or  it  may  be  years.  The  sym- 
ptoms produced  by  tumours  which  invade  or  compress,  and  by  simple 
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pressure  (tratimatic  causes  excluded)  are  never  sudden  or  very  acute, 
and  rarely  very  chronic,  the  time  occupied  by  the  development  of  the 
symptoms  varying,  according  to  the  nature  of  the  cause,  from  a  fort- 
night to  six  months. 

It  is  necessary  to  consider,  however,  not  merely  the  whole  time 
occupied  by  the  development  of  the  disease,  but  also  the  uniformity 
of  its  course.  Two  or  more  morbid  processes  may  concur.  An  initial 
myelitis,  for  instance,  may  lead  to  a  secondary  degeneration ;  and,  on 
the  other  hand,  in  degenerated  tissues,  sudden  vascular  lesions  occa- 
sionally occur.  Pressure  often  produces  local  myelitis,  which  may  be 
acute  or  subacute  in  its  development.  Cancer  of  the  vertebrae,  for 
instance,  often  causes  rapid  myelitis.  The  whole  course  of  the 
disease  must  be  ascertained  before  an  inference  is  drawn,  and  the 
possibility  of  a  double  process  must  always  be  kept  in  view. 

The  onset  and  course  of  the  symptoms  thus  sometimes  enable  us  to 
decide  at  once  that  a  lesion  is  of  a  given  character,  as  that  one  which 
occurs  instantly  is  vascular,  or  that  one  which  takes  years  for  its 
development  is  degenerative.  More  frequently  they  enable  us  to 
exclude  certain  morbid  processes,  and  to  restrict  the  possible  lesion 
to  two  or  three  forms.  For  instance,  a  lesion  which  comes  on  in  the 
course  of  a  few  hours  must  be  either  vascular  or  inflammatory. 
Between  these  we  have  to  decide  by  attention  to  other  indications. 

In  actual  diagnosis  it  is  convenient  to  consider  next  the  indication 
afforded  by  the  position  and  distribution  of  the  disease.  We  consider 
what  diseases  occur  in  this  situation,  and  then  which  of  them  have 
the  mode  of  onset  that  has  been  ascertained.  This  indication  involves 
a  knowledge  of  the  various  diseases  and  their  seat.  The  most  important 
consideration  is  that  a  wide  range  of  symptoms  of  uniform  character 
indicates  the  affection  of  a  definite  system  of  structure,  and  in  most 
instances  a  disease  commencing  in  the  nerve-elements,  and  if  the 
onset  be  chronic  we  may  feel  sure  that  it  is  a  degeneration.  On  the 
other  hand,  the  involvement  of  many  functions  suggests  a  random 
process,  such  as  inflammation  or  pressure.  But  this  indication  is 
always  to  be  subordinated  to  the  mode  of  onset.  Thus  the  limitation 
to  a  single  structure  does  not  exclude  inflammation :  this  may  affect, 
for  instance,  the  anterior  grey  matter  only,  and  cause  corresponding 
symptoms. 

The  symptoms  may  indicate  a  morbid  process  limited  to  one  half 
of  the  cord,  but  this  does  not  materially  modify  the  diagnostic  method. 
Almost  any  process  may,  in  rare  cases,  be  thus  limited.  System 
degenerations  and  acute  inflammations  are  least  frequently  unilateral, 
and  they  never  reach  a  considerable  degree  of  intensity  on  one  side 
without  some  affection  of  the  other  side.  On  the  other  hand,  tumours 
and  foci  of  chronic  myelitis  are  often  one-sided,  and  still  more  often 
affect  one  half  of  the  cord  first  and  then  the  other. 

Indication  of  disease  outside  the  cord,  irritation  of  certain  nerve, 
roots,  causing  severe  local  pain,  often  precedes  the  symptoms  of  com- 
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pression  and  is  an  imijortant  aid  to  diagnosis.  It  shows  the  existonce 
of  a  morbid  process  outside  the  cord  before  the  cord  is  involved.  But 
we  cannot  use  even  this  indication  except  in  dependence  on  the  mode 
of  onset.  A  disease,  as  a  growth  outside  the  cord,  may,  as  we  have 
seen,  not  only  compress  the  cord,  and  cause  slow  loss  of  power ;  it  may 
excite  inflammation  and  cause  rapid  j)alsy. 

The  last  element  in  the  pathological  diagnosis  is  the  detection  of 
any  influence  which  can  be  regarded  as  the  cause  of  the  disease  in  the 
spinal  cord,  or  any  associated  condition  which  may  indicate  an  active 
morbid  process.  We  have  seen  that  the  mode  of  onset  may  help  us 
to  limit  the  disease  to  certain  possible  forms  of  lesion  ;  the  distribution 
of  the  affection  may  render  it  probable  that  it  is  one  or  other  of  these 
forms ;  and  the  detection  of  a  cause  and  the  knowledge  of  the  lesions 
that  cause  produces  may  help  us  to  carry  the  diagnosis  still  further. 
The  most  important  general  causes  of  disease  of  the  cord,  and  the 
processes  to  which  they  chiefly  give  rise,  have  been  already  mentioned. 
The  causal  element  in  diagnosis  is  chiefly  an  application  of  those  facts. 

It  would  be  easy  to  formulate  more  detailed  diagnostic  indications. 
Those  given  will  suffice  to  indicate  the  general  principles  of  diagnosis  ; 
to  do  more  than  this  would  be  to  hinder,  rather  than  to  help!  The 
only  sure  ground  for  diagnosis  is  a  thorough  knowledge  of  the  various 
diseases  and  their  symptoms ;  without  this,  elaborate  formulee  are  use- 
less ;  with  this,  they  are  unnecessary. 

The  distinction  of  functional  and  nutritional  disease  from  organic 
lesions  may  conveniently  be  postponed  until  the  symptoms  of  the  former 
are  specially  described. 


SPECIAL  DISEASES  OF  THE  SPINAL  COED. 

DISEASES  OF  THE  VERTEBRAL  COLUMN. 

Diseases  of  the  bones  of  the  spine  fall  for  the  most  part  within  the 
provmce  of  surgery.  But  there  are  few  of  these  diseases  that  do  not 
among  their  most  frequent  effects,  interfere  with  the  functions  of  the 
spinal  cord.  Hence  an  account  of  the  diseases  of  the  cord  would  be 
incomplete  without  some  mention  of  the  morbid  states  that  be^in  in 
its  bony  case.  ^cg,iu  m 
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(which  need  not  be  considered  here),  concussion  (the  effects  of  which 
on  the  cord  will  be  considered  later),  and  fracture  or  dislocation  of  the 
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vertebrse.  •  A  brief  mention  of  the  two  last  conditions  may  be  given, 
the  reader  being  referred,  for  fuller  information,  to  surgical  treatises. 

Dislocation. — Simple  dislocation  occurs  in  the  cervical  region,  most 
frequently  at  the  fifth  and  sixth  vertebrse.    It  may  take  place  gradually 
or  suddenly :  gradual  displacement  is  always  secondary  to  disease  of 
the  bones ;  sudden  displacement  may  occur  in  disease  or  from  injury. 
The  damage  to  the  cord  is  always  greatest  in  traumatic  displacement 
of  normal  bones,  because  the  force  needed  to  produce  the  dislocation 
is  much  greater,  the  displacement  is  more  considerable,  and  the 
obliteration  of  the  canal  is  more  complete.    Displacement  may  occur 
in  any  direction:  it  usually  involves  both  vertebral  articulations,  but, 
in  rare  cases,  it  is  oblique,  involving  one  articulation  only.   The  common 
causes  are  violent  blows  or  falls  on  the  head,  rarely  sudden  rotation 
of  the  head  when  a  weight  is  carried  upon  it.    The  symptoms  are  a 
lateral  or  forward  or  backward  displacement  of  the  head,  so  that  the 
chin  is  in  contact  with  the  shoulder  or  the  chest,  or  the  occiput  with 
the  nape  of  the  neck.    The  irregularity  of  the  vertebral  spines  is 
usually  readily  detected.    The  cord  is  damaged  in  most  cases,  and 
the  symptoms  are  those  of  a  total  transverse  lesion  in  the  situation 
of  the  luxation.    It  may  be  merely  compressed,  especially  in  cases  of 
disease,  in  which  the  displacement  has  occurred  with  little  force.  The 
symptoms  of  paralysis  have  been  known  to  pass  away,  in  such  a  case, 
on  the  reduction  of  the  dislocation.    More  commonly  the  cord  is  also 
bruised,  with  extravasation  of  blood,  and  secondary  myelitis  occurs 
later.    In  such  cases,  if  the  patients  live,  there  may  be  anaesthesia 
or  hypersesthesia  below  the  lesion,  with  total  paralysis  of  the  limbs, 
and  excess  of  reflex  action.    In  rare  instances  the  cord  has  been  com- 
pletely divided.    In  still  rarer  instances  of  slight  displacement  it  has 
not  been  inixxred. 

Eupture  of  the  transverse  ligament,  which  retains  the  odontoid 
process,  may  permit  the  latter  to  compress  the  cord,  and  thus  to  cause 
instant  death.  This  often  results  from  sudden  suspension  by  the 
head,  as  in  criminal  executions.  One  of  the  curiosities  of  surgical 
literature  is  a  case  related  by  Petit  in  which  a  man,  playing  with  a 
neighbour's  child,  lifted  it  up  by  the  head,  and  caused  instant  death 
by  rupturing  the  transverse  ligament.  The  father  of  the  child, 
entering  at  the  moment,  stabbed  the  man  with  a  knife,  the  blade 
of  which  passed  in  between  the  first  and  second  cervical  vertebrse, 
divided  the  spinal  cord,  and  the  man  also  fell  dead.  Eupture  of  the 
ligament  has  also  resulted  from  raising  a  heavy  weight  with  the  head. 
The  treatment  of  dislocation  is  too  purely  surgical  to  be  described  here. 

Fracture.— All  organic  diseases  of  the  bones,  weakening  them, 
predispose  to  fracture.  Apart  from  disease,  the  accident  is  most 
common  in  adults,  the  greater  elasticity  of  the  vertebral  column  in 
children  giving  to  them  a  comparative  immunity.    Its  great  cause  is 
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a  blow  or  fall  on  the  spine,  or  sudden  forcible  flexion.  In  extremely- 
rare  cases  a  fracture,  usually  slight,. has  resulted  from  a  severe  muscular 
exertion.  This  is  an  important  fact,  showing  that  muscular  exertion 
may  injure  the  spine.  Symptoms  of  such  injury,  in  slight  degree, 
are  not  uncommon. 

Fracture  may  occur  at  any  part  of  the  spine,  but  is  most  frequent 
at  the  fifth  or  sixth  cervical,  and  at  the  last  dorsal  or  first  lumbar 
vertebrae.  In  the  dorsal  and  lumbar  regions,  the  bodies  are  fractured 
in  two  thirds  of  the  cases,  but  in  the  cervical  region,  the  arches  suffer 
alone  in  one  half.  Usually  there  is  a  displacement  of  the  vertebral 
column  at  the  seat  of  fracture.  Earely  the  bodies  may  be  crushed 
without  displacement.  The  displacement  of  the  bone  involves  a 
narrowing  of  the  canal  and,  usually,  compression  of  the  cord.  This 
may  also  result  when  the  arches  only  are  driven  in.  But  the  cord 
may  be  seriously  damaged  when  there  is  no  permanent  narrowing  of 
the  canal,  as  in  Mgs.  76  and  77.    The  dura  mater  is  rarely  torn  except 


Pia.  76. — Fracture  of  the  first  lumbar  vertebra.  D  m.  Dura  mater.  There 
was  no  permanent  narrowing  of  the  canal,  but,  nevertheless,  the  spinal 
cord  was  greatly  damaged  at  the  spot  j  see  next  figure.  (From  a  drawing 
by  Mr.  V.  Horsley.)  ^ 

by  a  splinter.  Blood  is  almost  always  extravasated  outside  the  dura 
mater,  often  in  considerable  quantity,  from  the  rupture  of  the  large 
vems  in  this  situation.  There  are  usually  only  small  extravasations 
m  the  pia  mater.  The  cord  is,  in  most  cases,  bruised  and  compressed 
by  the  lower  fragment  (Pig.  78) .  Sometimes  it  is  flattened,  and  it  may 
even  be  divided,  all  nerve-substance  being  squeezed  out  of  the  pia 
matral  sheath  at  the  spot.  In  the  case  shown  in  Pigs.  76  and  77,  the 
cord  appeared  to  have  been  split  longitudinally  at  the  spot.  Blood  is 
extravasated  mto  the  bruised  part,  sometimes  in  minute  spots,  some- 
times m  larger  haemorrhages,  which  may  occupy  longitudinal  cavities, 
ihese  changes  are  usually  limited  to  the  spot  compressed.  Secondary 
myehtis  is  set  up  in  the  damaged  part,  and  this  sometimes  extends 
beyond  the  contused  area.  In  cases  of  some  duration  the  usual 
ascendmg  and  descending  secondary  degenerations  are  also  found 
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Fig.  77.  Fig,  78. 


Fig.  77. — Spinal  cord  damaged  by  the  fracture  shown  in  Fig.  76.  The  elements 
of  the  cord  itself  are  changed  beyond  the  possibility  of  identification.  The  ascending 
degeneration  is  shown  in  Fig.  67. 

Fig.  78.— Fracture  of  the  body  of  the  fifth  dorsal  vertebra  and  of  its  processes. 
(After  Gurlt.) 


Fig.  67,  p.  117,  represents  sections  of  tlie  cord  from  the  case  of 
fracture  figured  above.  Occasionally  the  injury  leads  to  secondary 
caries  of  the  bone,  with  all  its  consequences. 

Three  classes  of  symptoms  result.  The  first  consists  of  the  local 
indication  of  the  injury.  Secondly,  there  may  be  certain  nervous 
symptoms,  not  distinctly  due  to  the  damage  to  the  cord.  One  of  these 
is  general  shock,  which  may  be  so  great  as  to  entail  transient  loss  of 
consciousness.  Vomiting  occasionally  occurs.  There  is  great  pain  in 
the  position  of  the  fracture,  rendered  very  intense  by  pressure,  and 
often  radiating  along  the  nerves  which  come  from  this  part,  the  roots 
of  which  are  compressed.  Tetanus  occasionally  ensues,  and  has  been 
ascribed  also  to  the  irritation  of  the  nerves.  In  rare  cases  epileptiform 
convulsions  have  followed  fracture,  usually  at  an  interval  of  some  days. 

The  third  group  of  symptoms  are  those  which  result  from  the 
damage  to  the  cord,  and  consist  in  paralysis  of  the  parts  below 
the  injury.  Its  character  depends  on  the  amount  of  damage.  If 
this  is  considerable,  there  is  both  motor  and  sensory  paralysis  up 
to  the  level  of  the  lesion,  with  loss  of  power  over  the  sphincters. 
Reflex  action  is  lost  at  the  level  of  the  lesion,  and  the  examination  of 
the  trunk-reflexes  often  gives  important  information  regarding  the 
extent  of  the  damage,  when  ttis  is  in  the  dorsal  region.  Below,  reflex 
action  is  commonly  in  excess,  unless  the  centres  are  impaired  by 
descending  myelitis.  Spasmodic  twitchings  sometimes  occur  in  the 
limbs  immediately  after  the  injury,  accompanied  by  priapism. 
The  pains  are  severe  in  the  arms  when  the  fracture  is  opposite 
the  cervical  enlargement,  and  in  the  legs  when  at  the  lumbar 
enlargement,  or  below  the  latter,  so  as  to  damage  the  nerve- roots.  In 
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these  cases  there  may  bo  rapid  wasting  of  the  muscles,  with  loss  of 
electric  irritability.  There  is  usually  at  first  incontinence,  afterwards 
retention  of  uriue,  but  the  former  is  persistent  if  the  lumbar  centres 
are  damaged.  Cystitis,  bedsores,  &c.,  may  supervene.  Ultimately, 
if  the  damage  is  above  the  lumbar  enlargement  and  the  patient  lives, 
there  may  be  increased  myotatic  irritability  in  the  limbs,  increasing  to 
spasm,  so  that  spastic  paraplegia  results. 

Special  symptoms  result  when  the  injury  is  in  certain  parts  of  the 
spine.  Fracture  of  the  first  two  cervical  vertehrce  causes  instant  death, 
unless  the  displacement  is  very  slight,  and  even  then  there  is  imminent 
danger  of  further  displacement,  with  the  most  serious  consequences,  on 
any  incautious  voluntary  movement.  With  slight  displacement 
persons  have  been  tnown  to  live  for  weeks,  and  then  die  from  secon- 
dary myelitis  ;  they  have  even  recovered  altogether.  Now  and  then 
there  is  no  compression  of  the  cord,  although  there  is  distinct  displace- 
ment, even  sufiicient  to  be  recognised  in  the  pharynx  (Leyden).  In 
such  a  case  death  has  resulted  at  a  later  period  from  caries.  The  charac- 
teristic symptoms  are  local  pain,  increased  by  all  movements  (which  are 
thus  rendered  impossible),  displacement,  and  spinal  symptoms.  The 
latter  may  be  slight— merely  difiiculty  in  breathing  or  swallowing— 
or  considerable,  and  involving  the  trunk  and  limbs.  Sometimes  there 
is  hyperpyrexia.    'Not  more  than  one  case  in  fifty  recovers. 

Middle  Cervical  Vertebrce.— The  third,  fourth,  and  fifth  vertebrae  are 
most  frequently  fractured.  When  the  injury  to  the  cord  is  considera- 
ble, death  usually  occurs  very  rapidly,  because  the  roots  of  the  phrenic 
nerve  are  involved.  In  some  cases  there  is  little  immediate  displace- 
ment and  the  symptoms  are  slight  until  further  displacement  occurs 
in  some  movement.  Thus  a  man  who  had  met  with  an  injury  of  this 
kind  went  to  be  shaved ;  during  the  process,  his  head  was  turned  on  one 
side  by  the  barber,  with  the  unexpected  result  of  causing  displacement 
of  the  fracture,  and  immediate  death.  When  the  fracture  is  at  the 
cervico-dorsal  region,  opposite  the  lower  part  of  the  cervical  enlarge- 
ment the  arms  frequently  escape  at  first,  the  early  paralysis  being 
confined  to  the  legs  and  muscles  of  the  trunk.  Eespiration  is  diat 
phragmatic  only.  After  a  few  days  the  arms  become  involved,  but 
then-  paralysis  is  often  partial,  affecting,  for  instance,  only  certain 
muscles,  as  the  extensors  of  the  hand,  and  it  is  often  accompanied  by 
local  spasmodic  movements.  Movements  and  pressure  cause  pain, 
and  there  as  local  muscular  rigidity.  The  head  may  be  in  normal  or 
in  abnormal  position.  Vaso-motor  disturbance  in  the  face  and  general 
hyperpyrexia  have  been  observed. 

In  fracture  of  the  dorsal  vertebra  (2-11)  the  arms  escape,  the  legs  are 
paralysed  and  the  trunk-muscles  up  to  the  height  of  the  lesion.  The 
pain  m  the  trunk  may  be  very  severe.  There  is  hypersesfchesia  or 
anaesthesia  m  the  parts  below.  The  reflex  action  in  the  legs  is  exces- 
sive ;  that  m  the  trunk  is  abolished  at  the  level  of  the  lesion.  The  last 
dorsal  a.ud  first  lumbar  vertebrae  are  often  fractured,  and  there  results 
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paralysis  of  the  legs,  complete  or  irregular,  severe  pains,  tingling,  &c., 
sometimes  followed  by  liypercosthesia  or  loss  of  sensibility,  and  by  rapid 
disturbance  of  nutrition,  in  both  the  muscles  and  the  skin.  In  fracture 
of  the  lower  lumbar  vertehrce  the  symptoms  are  often  slight ;  below  the 
extremity  of  the  cord  the  nerves  occupy  a  smaller  space  in  the  canal, 
and  so  may  escape  compression  by  a  moderate  displacement.  The 
fractured  vertebrae  unite  very  slowly.  A  false  joint  is  occasionally 
formed.  If  the  patient  recovers  from  the  immediate  effects  he  often 
dies  from  secondary  myelitis  and  its  consequences. 


CARIES  OF  THE  SPINE. 

Caries  of  the  bones  of  the  spine  is  a  frequent  cause  of  paraplegia. 
It  is  often  termed  "Pott's  disease,"  from  the  English  surgeon, 
Percival  Pott,  who  first  described  it  (in  1779)  as  a  cause  of  paralysis. 

Causes.'^ — Males  are  said  to  he  rather  more  liable  than  females,  but 
the  difference  in  sexual  incidence  is  not  great.  It  is  more  common  in 
childhood  (after  three)  and  next  in  early  adult  life,  but  it  may  occur 
at  any  age,  and  is  perhaps  more  common  in  the  second  half  of  life  than 
any  other  scrofulous  lesion.  I  have  known  it  commence  at  fifty,  and 
it  has  been  met  with  as  late  as  seventy.  It  is  distinctly  a  manifesta- 
tion of  the  tubercular  and  scrofulous  diathesis,  and  evidence  of  such 
inheritance  is  to  be  traced  in  most  cases.  Occasionally  the  sufferer 
himself  presents  such  indications,  lung  disease,  &c.,  or  caries  of  other 
bones.  It  occasionally  develops  simultaneously  with  other  signs  of 
acute  tuberculosis.  Caries  has  been  thought  to  result  from  syphilis, 
but  this  cause  is  certainly  rare. 

Injuries  seem  frequently  to  excite  the  bone  mischief  in  the  spine,  as 
they  certainly  do  analogous  bone  disease  elsewhere,  in  those  who  are 
predisposed,  possibly,  sometimes,  in  healthy  persons.  Falls,  blows  on 
the  back,  and  severe  strains,  are  the  most  frequent  traumatic  ante- 
cedents. The  last  may  act  by  straining  the  ligaments,  and  setting  up 
inflammation  which  spreads  to  the  bones  directly  or  through  the  inter- 
vertebral cartilages.  There  is  usually  an  interval,  sometimes  of  many 
months,  between  the  injury  and  the  definite  symptoms  of  bone  disease. 
Adjacent  inflammation,  secondarily  affecting  the  bone,  is  a  rare  cause. 
Caries  of  the  cervical  spine  has  thus  been  secondary  to  a  primary  retro- 
pharyngeal abscess.  The  disease  sometimes  follows  septicaemia  in  a 
way  that  suggests  a  secondary  abscess  in  the  bone.  This  was  the  case 
in  "a  surgeon  about  sixty  years  of  age,  in  whom  symptoms  of  blood- 
poisoning  followed  an  injury  to  the  ankle.  These  were  succeeded  by 
paraplegia  of  rapid  onset,  and  this  by  the  development  of  angular 
curvature  in  the  lower  dorsal  region.  In  a  large  number  of  cases  no 
exciting  cause  can  be  traced. 
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Pathological  Anatomy. — The  changes  in  the  bones  need  not 
detain  us,  since  they  belong  to  surgical  pathology,  except  in  so  far  as 
they  lead  to  damage  to  the  cox*d.  There  is  inflammation  of  the  bodies 
of  the  vertebrae,  and  of  the  intervertebral  substance,  at  first  with 
enlargement,  afterwards  with  breaking  down  of  the  substance  of  the 
bone,  which  gives  way  under  the  pressure  to  which  it  is  exposed,  so 
that  deformity  of  the  spine  results.  Pus  often  accumulates  outside  the 
spine,  and  may  burrow  in  various  directions,  according  to  the  seat  of 
the  disease. 

The  inflammation  extends  to  the  loose  cellular  and  adipose  tissue 
between  the  bone  and  the  dura  mater,  and  often  to  the  dura  mater 
itself,  the  outer  layer  of  which  becomes  irregularly  thickened  in  the 
neighbourhood  of  the  disease  (see  Fig.  80).  The  inner  surface  of  the 
dura  mater  is  often  normal  when  the  outer  surface  is  much  changed. 
Inflammatory  products,  cheesy  material,  pus,  &c.,  accumulate  between 
the  bone  and  the  dura  mater,  and  often  in  such  quantity  as  to  compress 
the  cord.  Inflammation  is  frequently  set  up  in  the  cord,  but  usually 
only  when  it  is  also  compressed. 

The  displacement  that  results  from  the  collapse  of  the  bodies  varies 
much  according  to  the  extent  and  character  of  the  disease.  Occasion- 
ally there  is  simply  a  lateral  displacement— one  spine  is  situated  a 
little  to  one  side  of  that  above  it.  More  commonly  the  collapse  of 
the  bodies  leads  to  "angular  curvature,"  the  spinal  column  is  bent 
forwards  at  an  acute  angle,  and  one  or  two  vertebral  spines  are  much 
more  prominent  than  the  others.  There  is  often,  however,  a  less 
abrupt  bend ;  the  curvature  may  extend  over  four  or  five  vertebrae. 

The  nerves,  as  they  pass  through  the  membranes  and  intervertebral 
foramina,  are  irritated  by  the  inflammation  and  often  compressed  by 
the  thickening  of  the  dura  mater  which  sheaths  them.  Those  passing 
by  the  seat  of  compression  may  also  suffer  from  the  narrowing  of  the 
canal.  They  may  be  found  red  and  swollen,  or  shrunken  and  grey. 
They  may  be  damaged  when  the  cord  is  normal,  or  but  little  affected 
when  this  is  compressed. 

The  damage  to  the  spinal  cord  depends  on  the  secondary  conse- 
quences of  the  caries,  and  both  its  occurrence  and  character  are 
variable  and  uncertain.  The  mechanism  of  the  damage  is  twofold- 
compression  and  inflammation.  The  relation  between  the  two  is  con- 
sidered more  fully  in  a  subsequent  chapter  ("Compression  of  the 
bpmal  Cord  ").  There  is  never  compression  without  inflammation,  but 
It  18  probable  that,  in  many  chronic  cases,  the  inflammatory  chancres 
are  secondary  to  the  damage  to  the  nerve-elements.  On  the  other 
hand  there  may  be  inflammation  when  there  is  no  compression.  The 
mechanism  of  compression  varies.  The  most  frequent  is  the  collec- 
tion of  inflammatory  products  outside  the  dura  mater,  and  the 
thickening  of  this  membrane.  Less  commonly  the  cord  is  compressed 
by  the  displacement  of  the  bone,  or  by  fragments  of  bone  that  are 
pushed  into  the  canal.    Often  both  these  causes  are  influential,  as  in 
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the  case  shown  in  Fig.  79. 


Probably  an  inflammatory  swelling  or 
abscess  of  the  bone  is  sometimes 
the  mechanism  of  compression, 
since  the  signs  of  pressure  have 
disappeared  when  an  abscess  has 
formed  outside  the  spine,  or 
even  when  deformity  has  come 
on.  The  inflammatory  changes 
are  most  intense  at  the  point  of 
greatest  compression,  but  extend , 
lessening  in  degree,  through  a 
few  inches  of  the  cord  above 
and  below  the  lesion.  They  are 
described  in  the  chapter  on 
"  Compression." 


Symptoms. — Caries  of  the 
spine  causes  symptoms  of  three 
classes: — (I)  those  of  the  bone 
disease ;  (2)  the  effects  of  damage 
to  the  nerve-roots ;  (3)  those 
due  to  the  changes  in  the  cord 
Fig.  79.— Caries  of  the  spine,  mid-dorsal  itself.  Only  the  symptoms  due  to 
reerion.    The  spinal  cord  is  much  narrowed    ^      ^  -  j  i 

and  discoloured  at  s  from  compression  be-         damage  to  nerves  and  cord 
tween  the  displaced  bone  and  a  mass  of  in-  come  within  the  special  province 
flammatory  products  E,  outside  the_  dura        ^^^^  ^^^-^  y^^^^ 
mater,  T>  M,  the  inner  surtace  or  which  is  ,  . 

normal.    (After  Leyden.)  ptoms  are  of  much  importance, 

as  on  them  the  diagnosis  of  the 
nature  of  the  nervous  symptoms  often  depends. 

These  vertebral  symptoms  are  various.  The  first  is  pain  in  the 
spine,  chiefly  felt  at  the  affected  spot,  often  increased  by  movement, 
and  especially  by  pressure  on  the  bone.  The  local  tenderness  is  a 
very  important  sign.  It  is  elicited  not  only  by  direct  pressure  on  the 
spines,  but  by  lateral  pressure ;  if  they  are  grasped  and  pressed  to 
one  side  considerable  pain  is  usually  produced.  The  increase  of  pain 
by  movement  is  greatest  when  the  disease  is  in  the  more  mobile  parts 
of  the  vertebral  column,  especially  when  it  is  in  the  cervical  region. 
Movement  of  the  head  occasions  pain,  and  there  is  an  instinctive 
fixation  of  the  head,  which  is  sometimes  inclined  to  right  or  left,  less 
commonly  backwards.  It  may  thus  produce  the  aspect  of  torticollis, 
which  differs  from  that  due  to  muscular  contraction  in  that  the 
stemo-mastoid  is  tense  on  the  side  towards  which  the  head  is  turned, 
the  muscle  being  simply  stretched  by  the  deviation  of  the  head. 

The  deformity  of  the  spine  is  a  later  symptom  than  the  tenderness, 
and  usually  comes  on  gradually.  Its  characters  have  been  already 
described.    It  is  often  absent  when  the  disease  is  in  the  cervical 


region. 


In  this  part  there  is  usually  another  symptom,  thickening  of 
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the  tissues  about  the  spine.  .  This  is  rare  in  other  parts.  In  any 
region  an  abscess  may  form  in  the  neighbourhood  of  the  disease. 
Those  which  come  backwards,  or  descend  to  the  groin  by  the  psoas 
muscle,  can  be  recognised  externally.  Those  that  form  in  front  of  tho 
diseased  vertebrae  may  give  rise  to  symptoms  that  are  puzzling,  if  the 
existence  of  spinal  caries  is  not  known.  Thus  a  retropharyngeal 
abscess  may  cause  difficulty  of  deglutition,  and  one  in  the  dorsal 
region  may  cause  symptoms  of  oesophageal  obstruction,  &c. 

Increased  pain  and  tenderness  in  the  vertebral  column  often 
precede  the  symptoms  of  damage  to  its  contents.  The  symptoms  due 
to  intei-ference  with  the  nerve-roots  are  very  variable  and  are  often 
absent.  They  are  both  sensory  and  motor.  There  is  pain  along  the 
course  and  in  the  distribution  of  the  nerves,  and  hypersesthesia  of 
corresponding  extent,  sometimes  with  spots  of  ansesthesia.  There  is 
also  muscular  weakness,  and  sometimes  muscular  wasting.  These 
symptoms  are  more  fully  described  in  the  chapter  on  "  Slow  Com- 
pression." Here  it  may  suflBce  to  say  that  they  are  conspicuous  only 
in  a  minority  of  the  cases,  and  chiefly  occur  when  there  is  pachy- 
meningitis. The  motor  symptoms  are  most  marked  when  the  disease 
is  in  the  cervical  region,  and  the  nerve-roots  for  the  muscles  of  the 
arms  are  damaged,  since  slight  and  limited  impairment  is  more 
readily  recognised  in  the  arms  than  in  the  trunk.  If  the  disease  is  in 
the  highest  part  of  this  region,  the  pains  may  be  referred  to  the 
occiput.  Herpes  zoster  has  been  occasionally  met  with  along  the 
course  of  the  irritated  nerves.  Spasmodic  contraction  in  the  muscles 
supplied  by  the  affected  roots  is  extremely  rare  in  cases  of  caries. 
Eeflex  action  is  abolished  in  the  affected  parts,  and  the  change  in  the 
supei-ficial  reflexes  of  the  trunk  sometimes  gives  important  diagnostic 
information.  Disease  of  the  lower  cervical  roots  may  cause  symptoms 
of  deranged  action  of  the  sympathetic  on  that  side  of  the  head,  occa- 
sionally shown  in  the  pupil,  more  often  in  the  vessels.  I  have  seen 
persistent  sweating  on  one  half  of  the  forehead  from  this  cause. 

The  symptoms  of  interference  with  the  function  of  the  spinal  cord 
itself  are  chiefly  impairment  of  its  conducting  power,  causmg  paralysis 
m  the  parts  below  the  lesion.  As  the  disease  is  most  frequently  in 
some  part  of  the  dorsal  region,  paralysis  of  the  legs  is  the  common 
effect.  But  the  symptoms  vary  in  their  characters,  according  not  only 
to  the  position  of  the  disease,  but  also  to  the  immediate  process  of 
damage  to  the  cord.  The  signs  of  caries  may  have  existed  for  years 
before  paralysis  comes  on.  Angular  curvature  mav  even  come  on 
m  early  childhood,  and  paralysis  not  till  adult  life.  More  commonly 
the  paralysis  comes  on  one  or  two  years  after  the  curvature ;  sometimes 
at  the  end  of  a  few  months.  On  the  other  hand,  the  two  classes  of 
symptoms  may  manifest  themselves  at  the  same  time,  and  the  sym- 
ptoms of  cord  disease  may  even  develop,  and  reach  a  considerable 
degree,  before  the  local  symptoms  are  sufficiently  marked  for  bone 
disease  to  be  suspected.    In  one  patient,  after  absolute  paralysis  of  tho 


172 


DISEASES  OP  THE  SPINE. 


legs  had  existed  for  six  months,  an  experienced  surgeon  doubted  the 
existence  of  bone  disease,  but  a  few  months  later  the  signs  of  this  were 
indubitable. 

The  cord  symptoms  vary  much  in  their  mode  of  onset.  Usually 
there  is  no  exciting  cause,  but  sometimes  a  strain  of  the  back  or  exposure 
to  cold  seems  to  excite  a  change  in  the  condition  of  the  bones,  in  con- 
sequence of  which  the  cord  suffers.    It  is  easy  to  conceive  that,  when 
the  conditions  are  favorable,  a  very  slight  strain  may  be  effective. 
In  one  case,  the  first  symptoms  followed  instantly  three  violent  sneezes. 
When  the  cord  symptoms  have  commenced,  they  may  develop  quickly 
or  slowly.    As  instances  of  chronic  onset  may  be  mentioned  cases  in 
which  the  symptoms  reached  a  considerable  degree  of  intensity  at  the 
end  of  nine  months,  four  months,  and  two  months,  after  their  com- 
mencement.   But  the  onset  is  sometimes  much  more  rapid  ;  in  one  case 
there  was  complete  paraplegia  at  the  end  of  three  weeks.  Sometimes 
it  is  still  more  acute,  and  in  such  cases,  myelitis  rather  than  pressure 
is  probably  the  effective  agent.    Thus,  in  one  patient,  a  child  of  three, 
slight  weakness  existed  for  three  weeks,  and  then  the  power  of  standing 
was  lost  in  a  single  night.    In  another  child,  aged  eight,  who  had 
presented,  for  two  years,  indications  of  disease  of  the  cervical  vertebrae, 
the  power  of  moving  the  legs  was  lost  in  the  course  of  twenty-four 
hours  ;  during  the  second  day  the  left  arm  became  paralysed,  and,  at 
the  end  of  a  week,  the  right  arm.    Very  rarely  the  onset  is  instanta- 
neous, probably  from  sudden  displacement,  since  haemorrhage  has  not 
been  proved  to  occur.    A  child  with  angular  curvature  was  walking 
across  the  room,  when  she  fell,  and,  on  being  lifted  up,  the  legs  were 
powerless. 

Both  legs  usually  suffer  together  ;  rarely  one  is  paralysed  before  the 
other  ;  very  rarely  one  leg  suffers  much  and  the  other  little  or  not  at 
all.  Thus  in  one  case  angular  curvature  developed  in  childhood ;  at 
sixteen  there  was  an  attack  of  weakness  in  the  legs,  which  passed  away 
at  the  end  of  three  weeks.  At  17i  the  patient  sprained  his  back  ; 
pain  in  it  followed,  and  six  weeks  later  the  right  leg  gradually  became 
weak,  and  a  year  afterwards  presented  intense  spastic  paralysis,  the 
left  leg  being  very  little  affected.  He  ultimately  recovered.  An 
instance  in  which  one  leg  became  affected  before  the  other  is  a  case 
already  alluded  to.  A  woman  forty-five  years  of  age  suffered  from 
pain  in  the  spine,  and  one  day,  when  walking,  sneezed  three  times, 
and  immediately  felt  "  pins  and  needles  "  in  the  right  knee,  and 
presently  in  the  foot.  The  leg  became  almost  powerless  during  the 
next  three  days.  A  fortnight  afterwards,  she  felt  similar  tingling  in 
the  left  knee,  and,  at  the  end  of  another  week,  in  the  foot,  and  during 
the  next  three  weeks  this  also  lost  power,  so  that  at  the  end  of  six 
weeks  from  the  onset  both  legs  were  motionless.  The  diagnosis  was 
verified  on  her  death,  six  months  later. 

The  characters  of  the  paralysis  in  relation  to  the  seat  of  the  disease 
are  described  in  the  chapter  on  "  Compression."    In  the  most  frequent 
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cases  tlie  dorsal  cord  is  damaged  and  tlie  condition  of  tlie  legs  is  that 
of  spastic  paraplegia.  If  it  is  situated  in  tlie  cervical  region  there  is 
muscular  atrophy  in  the  arms,  sometimes  combined  with  palsy  without 
atrophy,  according  as  the  disease  is  at  the  level  of  the  cervical  enlarge- 
ment, or  above  this.  There  is  the  same  spastic  paralysis  in  the  legs  as 
when  the  disease  is  in  the  dorsal  region.  When,  as  is  commonly  the  case, 
the  arms  suffer  from  damage  to  the  nerve-roots,  they  suffer  before  the 
legs,  but  if  the  disease  is  so  high  up  that  the  arms  suffer  from  the 
damage  to  the  cord  itself,  the  legs  may  be  paralysed  before  the  arms, 
as  in  the  case  of  the  child  mentioned  above.  In  this  case  the  muscles 
of  the  shoulder  were  wasted,  the  disease  being  near  the  level  of  their 
nerves,  while  the  forearm  muscles  were  not  wasted.  In  this  case,  as  in 
others  of  similar  seat,  the  diaphragm  was  paralysed.  The  muscular  part 
of  the  spinal  accessory  may  be  involved,  and  the  power  of  supporting 
the  head  may  be  almost  lost.  Yery  rarely,  from  disease  of  the  highest 
cervical  vertebrae,  the  other  nerves  of  the  medulla  are  implicated. 

Sensory  symptoms  due  to  the  disease  of  the  cord  are  less  common 
than  motor  palsy.  As  a  case  already  mentioned  shows,  the  onset  of 
paraplegia  may  be  heralded  by  subjective  sensations  in  the  legs.  Dull 
aching  pain  in  them  is  not  uncommon.  Often  there  is  no  anaesthesia  ; 
in  other  cases  there  are  various  degrees  of  loss  of  sensation.  Touch 
or  pain  may  be  lost  alone,  or  there  may  be  absolute  loss  of  sensibility 
up  to  the  level  of  the  lesion.  Eeflex  action  in  all  forms  is  excessive 
(unless  the  disease  involves  the  lumbar  enlargement),  and  great  excess 
of  the  superficial  reflex  action  is  a  common  and  important  feature. 
The  legs  are  often  cold  and  sometimes  perspire  continually.  The 
sphincters  are  often  affected,  sometimes  early,  but  they  may  escape 
even  when  there  is  a  complete  motor  palsy  of  the  legs. 

Complications. — Among  common  complications  are  bedsores,  cystitis, 
various  secondary  effects  of  the  bone  disease  and  general  tuberculosis. 
In  very  severe  cases  peculiar  secondary  mischief  has  occurred  in  the 
spinal  cord,  and  has  run  an  independent  course,  giving  rise  to  very 
anomalous  symptoms.*  Thus  a  descending  myelitis  may  invade  the 
lumbar  enlargement  in  its  entirety  and  abolish  its  central  and  reflex 
functions,  causing  rapid  wasting  of  the  muscles  and  acute  trophic 
changes  in  the  skin.  Inflammation  may  ascend  the  pyramidal  tracts 
and  thus  j^aralyse  the  arms.  Ascending  degeneration  of  the  posterior 
median  columns  may  spread  to  the  postero-external  columns  and  cause 
symptoms  of  ataxy.  It  is  probable  also  that  a  similar  affection  of 
these  columns  may  descend  the  cord,  since  ataxy  may  come  on  as 
the  power  returns,  when  the  disease  is  in  the  dorsal  region.  Lastly, 
myelitis  may  occur  in  disseminated  foci  in  various  parts  of  the 
cord,  and  even  in  the  medulla,  giving  rise  to  scattered  symptoms  of 
anomalous  character. 

Course— The  bone  disease  may  heal,  anchylosis  occurring,  or  it  may 
persist  with  continued  formation  of  pus,  or  it  may  become  quiescent 
*  See  Charcot,  '  Le9on8  sur  Ics  Mai.  dc  Syat.  Nerv.,'  torn.  ii. 
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and  from  time  to  time  become  a.-tive.  The  cord  mischief  is  iufluenced 
by  the  state  of  the  bone  disease,  although  its  progress  may  be  to  some 
extent  independent.  Thus  inflammation  in  the  cord  may  subside  in 
spite  of  the  progress  of  that  in  the  bone.  Pressure  on  the  cord  may 
be  relieved,  although  the  bone  disease  continues,  and  even  sometimes 
as  a  result  of  the  increased  breaking-down  of  bone  and  exit  of  pus  by 
another  channel.  Hence  there  is  no  strict  correspondence  between 
the  course  of  the  bone  mischief  and  that  of  the  cord  disease.  In  some 
cases  the  paralysis,  motor  and  sensory,  remains  absolute.  More 
often  the  sensory  loss  passes  away,  while  motor  paralysis  remains, 
usually  as  spastic  paraplegia,  with  muscular  contractions  due  to 
posture.  Life  may  be  prolonged  in  that  condition  for  years,  but  often 
bedsores  form,  or  cystitis  leads  to  kidney  disease,  and  thus  the 
patient  dies,  or  the  lessened  respiratory  power  renders  an  attack  of 
bronchitis  fatal.  In  many  cases,  again,  the  paralysis  gradually  passes 
away  even  when  the  compression  continues,  and  the  cord  is  found 
considerably  narrowed  if  the  patient  dies  from  some  other  cause.  In 
children  recovery  occurs  far  more  readily  than  in  adults.  Even  in 
adults,  however,  recovery  may  occur  from  palsy  that  has  lasted  for 
some  years  with  all  the  signs  of  descending  degeneration  in  the  cord. 
Usually  rest  on  the  back  or  mechanical  supports  are  necessary  to  secure 
recovery,  but  it  occasionally  occurs  without  these  measures.  -  A  youth 
acquired  angular  curvature  at  sixteen ;  at  twenty  parajjlegia  came  on 
slowly,  and  progressed,  with  some  variations,  during  the  next  seven 
years.  There  was  then  absolute  motor  palsy  in  the  legs,  and  sensation 
was  lessened.  He  continued  to  follow  his  occupation,  a  tailor,  but 
took  cod-liver  oil  and  iron,  and  he  gradually  regained  useful  power,  so 
as  to  be  able  to  walk  about.    Such  a  case,  however,  is  exceptional. 

Relapses  are  apt  to  occur  in  cases  that  improve,  although  they 
are  certainly  not  nearly  so  frequent  as  might  be  expected  from  the 
nature  of  the  disease.  In  the  majority  of  cases  recovery  is  perma- 
nent. In  a  minority  the  paralysis  returns  when  some  exciting  cause 
renews  activity  in  the  bone  disease.  The  tendency  to  relapse  and 
possibility  of  relocated  recovery  are  very  strikingly  shown  by  the 
following  case.  In  a  girl  of  fifteen,  paraplegia  developed  during  nine 
months,  slowly  at  first,  more  rapidly  towards  the  end  of  that  time. 
She  came  under  my  care  six  months  later,  having  been  unable  to  walk 
for  eight  months,  to  stand  for  seven,  and  to  move  her  legs  for  six. 
Bone  disease  had  not  been  previously  suspected,  but  there  was  slight 
tenderness  and  enough  lateral  irregularity  of  the  mid-dorsal  spines  to 
show  the  nature  of  the  case.  Kest  in  bed  and  tonics  were  soon  followed 
by  improvement ;  in  six  weeks  she  could  stand,  and  even  walk  with  helj), 
and  in  four  months  was  discharged,  able  to  walk  well.  As  she  gained 
power,  angular  curvature  came  on,  prominence  of  the  seventh  and 
eighth  dorsal  si^incs.  Five  months  after  her  discharge,  she  fell  and 
struck  her  back.  The  curvature  increased,  and  her  legs  gradually 
became  weak  again.    Seven  months  after  the  fall  she  was  readmitted, 


OAlllES. 


175 


■unable  to  stand,  although  the  paralysis  was  not  absolute.    There  was 
foot-clonus  on  each  side.    Sensibility  was  lessened  below  the  eusiform 
cartilage.    Eest  on  the  back  was  again  followed  by  slow  improvement. 
In  three  months  she  could  just  walk.    She  was  then  susijended,  and 
encased  in  plaster  of  Paris.    At  the  end  of  another  month  she  could 
walk  about  the  room,  and  no  clonus  could  be  obtained.    She  was  soon 
afterwards  discharged,  and  her  progress  continued,  so  that,  at  the  end 
of  nine  months,  she  could  walk  five  miles,  and  there  was  no  trace  of 
clonus,  although  there  was  still  some  excess  of  the  knee-jerk.  She 
soon  afterwards  married,  and  bore  a  child,  which  died  two  years  and  a 
half  after  her  discharge.    She  caught  cold  at  the  funeral,  and  a  fort- 
night later  again  began  to  lose  power  ;  in  six  weeks  the  legs  were  almost 
motionless,  with  marked  foot-clonus ;  sensation  to  touch  was  lost  up 
to  the  umbilicus,  that  of  pain  being  preserved.    E"either  rest  nor 
encasement  caused  any  improvement.    After  some  months  sulphide  of 
calcium  was  given,  and  in  a  few  days  power  began  to  return  ;  in  a 
month  she  could  take  a  few  steps,  and  in  four  months  she  could  walk 
about  the  ward  without  difficulty.    She  made  another  good  recovery. 
Some  years  later,  however,  paralysis  again  came  on,  and  this  attack 
j)roved  j)ermanent. 

Diagnosis.— When  clear  indications  of  caries  precede  the  paralysis, 
the  nature  of  the  case  can  hardly  be  mistaken.    The  obvious  infer- 
ence, that  the  affection  of  the  cord  is  secondary  to  that  of  the  bone,  is 
scarcely  ever  wrong.    When  the  two  develop  together,  mistakes' in 
diagnosis  are  often  made,  but  are  usually  due  to  the  want  of  repeated 
examinations  of  the  spinal  column.    It  is  when  the  root  or  cord  sym- 
ptoms precede  distinct  evidence  of  bone  disease  that  the  chief  real 
difficulty  in  diagnosis  occurs  ;  the  affection  is  apt  to  be  mistaken  for  a 
pnmary  disease  of  the  cord  or  its  membranes,  a  transverse  myelitis 
when  the  dorsal  region  is  affected,  a  progressive  muscular  atrophy,  or 
primary  pachymeningitis,  when  the  disease  is  in  the  cervical  region. 
A  correct  diagnosis  can  only  be  made  in  these  cases  by  recognising  the 
significance  of  the  slight  bone  symptoms  that  are  always  present  the 
deep  tenderness  and  often  slight  irregularity.    Even  slight  irregularity 
derives  significance  from  tenderness,  limited  in  extent,  and  correspond- 
ing  in  position  to  the  deviation.    The  irregularity  may  be  absent  at 
first  and  then  its  development  is  doubly  significant.  So,  too,  an  increase 
m  the  amount  of  displacement  may  give  significance  to  an  irregularitv 
that  is  no  greater  than  is  occasionally  met  with  in  normal  spines 

The  early  excess  of  the  cutaneous  reflex  action  (from  the  sole  for 
mstance),  while  not  diagnostic,  adds  weight  to  the  other  symptoms  of 
bone  disease.  It  may  be  very  marked,  even  while  the  patient  is  able 
to  walk  about.  When  root-pains  are  present  of  definite  character, 
theyg.ve  additional  significance  to  the  other  symptoms,  since  it  is  rare 
for  a  primary  myelitis  to  cause  more  than  a  sense  of  constriction 
Spots  of  anaesthesia  along  the  course  of  the  nerves  are  of  still  greater 
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diagnostic  value.  All  these  symptoms  derive  additional  weight  from 
their  coincidence  in  level  with  the  deep  spinal  tenderness.  The  anaes- 
thesia, with  hypersesthesia  and  bone  tenderness,  sometimes  serves  to 
distinguish  the  pains  from  those  of  intercostal  neuralgia,  with  which 
they  may  be  confounded  at  an  early  stage  of  the  disease. 

When  damage  to  the  cervical  roots  causes  muscular  wasting  in  the 
arms,  the  case  may  be  mistaken  for  one  of  progressive  muscular 
atrophy.  The  irregular  distribution  of  the  wasting  differs  from  that 
common  in  the  latter  disease,  and  in  this  there  are  none  of  the  sensory 
symptoms  which  are  usually  so  pronounced  in  caries.  The  same  sym- 
ptoms may,  however,  be  produced  by  a  primary  pachymeningitis,  and 
the  further  distinction  between  the  two  rests  on  the  presence  of  the 
signs  of  bone  disease,  on  the  absence  of  the  causes  of  meningitis 
(of  which  syphilis  is  the  most  common),  and  on  the  youthful  age  of 
the  patient;  cervical  symptoms  are  more  likely  to  be  due  to  caries  if 
the  patient  is  young  than  if  he  has  reached  adult  life,  and  conversely 
they  are  more  likely  to  be  due  to  a  primary  pachymeningitis  in  adult 
life  than  in  youth. 

In  the  first  half  of  life  the  recognition  of  bone  disease  is  practically 
tantamount  to  the  recognition  of  caries.  In  the  second  half,  however, 
the  relative  infrequency  of  caries,  the  greater  frequency  of  growths  in 
the  bone,  and  the  occurrence  of  eroding  aneurisms  introduce  a  fresh 
diagnostic  problem.  The  absence  of  any  other  indication  of  a  tumour 
or  an  aneurism  is  the  first  distinction,  and  the  second  is  the  fact  that 
in  both  these  diseases  the  root  pains  commonly  reach  a  degree  of 
severity  scarcely  ever  attained  in  cai'ies,  and  are  especially  increased 
by  movement,  often  to  an  intensity  which  is  literally  frightful. 

When  there  are  merely  tenderness  of  the  spine  and  slight  weakness 
of  the  legs,  the  question  may  arise  whether  there  is  organic  disease,  or 
merely  the  condition  termed  "  spinal  irritation."  In  the  latter, 
tenderness  is  usually  found  over  a  considerable  area  of  the  spinal 
column,  with  more  than  One  point  of  special  intensity,  and  there  are 
no  root  pains  or  spots  of  anaesthesia.  The  latter  sometimes  afford 
important  help  in  the  diagnosis  of  an  obscure  case.  In  some 
instances,  however,  it  is  necessary  to  wait  and  watch  the  progress  of 
the  symptoms  before  a  definite  opinion  can  be  formed.  The  same 
general  principles  must  guide  the  diagnosis  between  caries  and  so- 
called  hysterical  paraplegia  with  spinal  tenderness.  There  is  more 
danger  that  caries  of  the  spine  in  a  young  woman  may  be  passed 
as  hysterical  paraplegia,  than  of  the  opposite  error.  Especially  when 
the  subjects  of  caries  present  distinct  symptoms  of  hysteria,  there  is 
risk,  as  experience  shows,  that  unequivocal  symptoms  of  caries  may 
be  overlooked. 

Prognosis. — Our  ignorance  of  the  precise  character  of  the  morbid 
process  which  is  damaging  the  cord  renders  the  prognosis,  in  eveiy 
case  of  caries,  a  matter  of  much  uncertainty.    Nevertheless  there  is 


CARIES. 


177 


no  disease  of  the  cord  in  which  symptoms  of  equal  gravity  so  often 
pass  away.  The  cases  are  few,  therefore,  in  which  hope  is  unjustified, 
but  they  are  equally  few  in  which  we  are  warranted  in  a  confident 
expectation  of  recovery.  The  indications  that  may  guide  the  pro- 
gnosis in  an  individual  case  are  slight.  In  childhood  the  prospects  of 
recovery  are  certainly  better  than  in  adult  life,  and  they  are  least  in 
declining  years.  Damage  to  the  cord  between  the  enlargements  is  less 
serious  than  when  these  are  affected,  because  the  strong  tendency  to 
trophic  changes  constitutes  a  grave  danger  when  the  lumbar  enlarge- 
ment is  diseased,  and  the  diminished  breathing  power  an  equally 
serious  danger  in  disease  of  the  cervical  enlargement. 

But  how  perilous  a  condition  may  be  recovered  from  is  shown  by 
the  fact  that  the  child  mentioned  on  p.  172  with  paralysis  of  all  four 
limbs,  the  diaphragm,  and  weakening  of  the  intercostals,  made  a  good 
recovery.    Still  more  striking  is  a  case  narrated  by  Dr.  Buzzard,  in 
which  disease  in  the  region  of  the  third  cervical  vertebra  caused 
almost  complete  palsy  of  arms,  legs,  intercostals,  and  diaphragm, 
respiration  being  carried  on  by  the  accessory  muscles  of  the  neck. 
Yet  the  child  recovered  in  spite  of  the  occurrence  of  an  attack  of 
pneumonia  when  the  paralysis  was  at  its  height.    Neither  rapidity  nor 
slowness  of  onset  affords  any  guide  to  prognosis,  nor  does  the  relative 
order  of  paralysis  and  curvature,  nor  the  degree  of  palsy.    Even  pro- 
nounced spastic  paraplegia  may  pass  away  entirely.    The  prognosis  is 
perhaps  a  little  better  when  there  is  no  loss  of  sensation,  since  this 
proves  that  the  damage  to  the  cord  is  moderate  in  degree,  but  even 
complete  anaesthesia  does  not  preclude  recovery,  as  the  cases  men- 
tioned show.    The  danger  to  life  is  dependent  in  considerable  degree 
on  the  evidence  that  the  scrofulous  or  tubercular  tendency  is  active 
elsewhere,  and  also  on  the  possibility  of  securing  proper  treatment. 

Teeatment.— The  first  and  chief  element  in  the  treatment  of  para- 
lysis IS  that  of  the  bone  disease  which  causes  it,  and  for  full  details  of  this 
the  reader  is  referred  to  treatises  on  Surgery.  If  the  bone  disease  heals 
the  spmal  cord,  m  most  cases,  will  recover.  The  two  most  potent  thera' 
peutic  agents  are  the  customary  measures,— persistent  recumbency  and 
tomes,  especiaUy  cod-Hver  oH  and  iron.  In  the  cases  that  have  done'best 
under  my  own  observation,  these,  and  these  alone,  have  been  the 
effective  agents.  Eest  should  be  maintained  for  months.  The  posture 
that  answers  best  is  upon  the  back.  It  is  true  that  the  spiue  is  then 
tbe  lowest  part,  and  spinal  congestion  is  favoured,  but  experience  is 
here  at  variance  with  theory,  and  the  greater  ease  with  which  immo- 
bihty  18  secured  and  maintained  seems  to  more  than  counterbalance 
the  disadvantages  of  this  posture.  If  no  improvement  occurs  after 
some  months  rest,  suspension  may  be  tried.  It  is  said  to  be  some- 
times  attended  by  instant  improvement,  especially  in  children.  I  have 
not  myself  seen  any  instance  of  this  result,  which  can  only  occur  in 
the  cases,  not  very  common,  in  which  displaced  bone  compresses  the 

12 


178 


DISEASES  OP  THE  SPINE. 


cord.  It  may,  indeed,  be  well  to  see  the  effect  of  suspension  before 
rest  is  commenced.  The  plaster- jacket  is  an  inefficient  substitute  for 
rest,  and  an  unnecessary  concomitant — to  be  adopted  only  when  rest 
cannot  be  secured.  It  may  be  tried  if  rest  alone  has  failed.  In  caries 
of  the  mobile  cervical  spine,  the  fixation  of  the  head  by  the  support 
termed  a  "  jury  mast "  is  necessary. 

The  influence  of  cod-liver  oil  and  iron  is  as  marked  in  this  as  in 
other  scrofulous  diseases.  They  constitute  an  indispensable  adjunct 
to  rest,  and  may  be  effective  even  alone,  as  is  shown  by  the  case  men- 
tioned on  p.  174.    But  rest  should  always  be  secured  if  possible. 

Counter-irritation,  opposite  the  seat  of  caries,  has  often  appeared  to 
do  good,  perhaps  acting  especially  on  the  process  of  myelitis  which 
attends  compression.    The  actual  cautery,  in  mild  form,  is  that  which 
has  been  most  frequently  useful.    Charcot  and  others  have  published 
instances  of  speedy  improvement  after  its  use.   It  is  not  always  effective, 
nor  can  indications  for  its  use  be  laid  down.    I  have  not,  myself,  seen 
any  distinct  improvement  after  the  use  of  the  cautery,  although  I 
have  employed  it  in  a  considerable  number  of  cases.    But  the  testimony 
of  others  is  so  strong  as  to  justify  its  adoption  if  the  symptoms  do  not 
speedily  yield  to  other  treatment.    Sulphide  of  calcium,  which  is  said 
to  influence  scrofulous  processes,  deserves  trial.    Although  I  have  not 
seen  benefit  from  its  use  in  any  other  case  than  that  mentioned  on 
p.  175,  the  rapidity  of  improvement  in  that  case  was  very  striking. 
Benefit  can  only  be  expected  from  its  use  when  inflammatory  products 
constitute  the  compressing  agent.    Extreme  care  in  general  manage- 
ment, to  avoid  bedsores,  bladder  trouble,  and  bronchitis  are  of  great 
importance.    In  many  cases  there  is  a  tendency  to  improvement  after 
a  time,  especially  when  the  bone  disease  is  stationary,  or  the  cord  has 
been  inflamed,  and  in  these  the  mere  maintenance  of  life  may  result  in 
recovery  of  strength.    When  power  has  returned,  but  the  use  of  the 
limbs  is  restrained  by  the  muscular  contractions  which  came  on  during 
the  paralysis,  the  ability  to  stand  and  walk  may,  as  I  have  seen,  be 
quickly  restored  by  tenotomy,  and  more  slowly  by  the  use  of  extend- 
ing splints.    Electricity  is  useful  only  to  maintain  the  nutrition  of  the 
muscles  when  these  are  wasting.    The  combined  teaching  of  the 
pathology  of  caries  and  of  the  recent  experience  of  antiseptic  surgery 
justifies  the  anticipation  that  the  trephine  may  sometimes  be  success- 
ful when  other  agents  fail,  since  the  cause  of  compression  is  generally 
outside  the  dura  mater,  and  the  power  of  recovery  of  the  cord,  when 
compression  is  removed,  is  very  great. 
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TUMOURS  AND  OTHER  DISEASES  OF  THE  SPINE. 
Growths  in  the  Spinal  Column. 

The  bones  of  the  spine  are  sometimes  the  seat  of  primary  or  second- 
ary growths,  and,  less  commonly,  are  invaded  by  tumours  springing 
from  the  structures  in  front  of  the  spine.  Cancer  (scirrhus  and  en- 
cephaloid)  and  sarcoma,  are  the  most  common  forms  of  tumour  that 
begins  in  or  invades  the  spine.  Myxoma  has  been  also  met  with. 
Cancer  is  often  secondary  to  a  primary  growth  elsewhere,  in  the  breast, 
stomach,  &c.  A  primary  growth  usually  begins  in  the  bodies  of  the 
vertebrae,  and  spreads  from  one  to  another.  The  bodies  may  collapse, 
because  the  soft  tissue  which  replaces  the  bone  yields  under  the  weight 
it  has  to  bear.  Thus  angular  curvature  may  occur.  Prom  the  bodies 
the  growth  may  extend  into  the  lateral  processes,  enlarging  them,  and 
narrowing  the  intervertebral  foramina  through  which  the  nerves  pass. 
It  may  extend  into  the  arches,  and  even  into  tlie  spines,  and  may  grow 
into  the  muscles  and  beside  and  behind  the  vertebral  column.  The 
nerve-roots  suffer  (1)  by  pressure,  (2)  by  simple  inflammation,  (3)  some- 
times by  cancerous  infiltration.  They  may  thus  be  found  reddened, 
swollen  and  soft,  or  grey  and  atrophied,  or  enlarged  and  hardened. 
The  growth,  cancer  especially,  is  apt  to  spread  in  the  adipose  tissue 
between  the  bodies  and  the  dura  mater.  It  may  even  entirely  surround 
the  dura  mater  and  cord.  The  cord  may  suffer  compression,  but  this 
is  less  frequent  than  in  caries.  On  the  other  hand,  it  is  often  inflamed, 
sometimes  acutely,  and  considerable  inflammation  without  compression 
is  far  more  frequent  than  in  caries.  Myelitis  occurs  without  any  per- 
foration of  the  dura  mater.  Why  this  should  be  is  not  known.  The 
inflammation  thus  excited  sometimes  spreads  widely  in  the  cord. 
The  growth  never  invades  the  cord  itself.  In  rare  cases  the  cord  is 
compressed  by  displaced  bone. 

Etiology.— The  general  causes  are  the  same  as  those  of  similar 
growths  elsewhere.  Males  suffer,  however,  more  frequently  than 
females,  and  the  disease  is  most  common  between  forty  and  fifty  years 
of  age.  An  injury  has  been  supposed  sometimes  to  excite  a  growth  in 
this  as  in  other  situations. 

Symptoms.— There  may  be  direct  symptoms  of  the  presence  of  the 
growth— pain  in  the  spine,  sometimes  severe,  sometimes  absent ;  local 
tenderness,  and  occasional  interference  with  movement  apart  from  pain. 
A  palpable  tumour  is  never  an  early  symptom,  but  ultimately  a  deep- 
seated  hard  swelling  may  be  felt  on  one  side  of  the  spine,  most  readily 
and  earliest  when  the  disease  is  in  the  cervical  region,  where  it  is 
occasionally  perceptible  in  the  posterior  triangle  of  the  neck.  The 
angular  curvature  which  sometimes  occurs  may  not  differ  from  that  of 
caries  m  its  external  characters,  or  it  may  be  accompanied  by  the  indi- 
cations of  a  tumour,  never  by  those  of  an  abscess. 
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The  nerves  suffer  almost  invariably  in  spinal  growths  and  give  rise 
to  the  most  distressing  symptoms,  which  are  also  the  earliest  and  most 
frequent, — radiating  pain,  felt  along  the  course  of  the  nerves  that 
emerge  from  the  diseased  portion  of  the  spine,  and  due  to  their  irrita- 
tion by  pressure  or  inflammation. 

Such  pains  are  far  more  prominent  symptoms  in  this  disease  than  in 
caries.  At  first  slight,  they  gradually  increase  to  extreme  intensity. 
It  was  this  character  that  led  Cruveilhier  to  call  the  disease  paraplegia 
dolorosa,  a  name  it  has  since  commonly  borne.  The  pains  are  paroxys- 
mal ;  in  the  intervals  the  patient  is  at  first  free  from  pain,  but  subse- 
quently pain  is  constant,  with  paroxysms  of  greater  suffering  from 
time  to  time.  It  is  usually  sharp,  lancinating  pain,  and  its  special 
characteristic  is  the  degree  in  which  it  is  increased  by  movement.  The 
distribution  in  the  arms,  trunk,  legs,  depends  on  the  seat  of  the 
disease.  It  is  extremely  rare  for  these  pains  to  be  absent,  but  they 
are  now  and  then  a  late,  instead  of  an  early,  symptom.*  Cutaneous 
hyperaesthesia  nsually  accompanies  them,  and  spots  of  anaesthesia 
often  develop  after  a  time  in  the  hypersesthetic  area.  Corresponding 
damage  to  the  motor  roots  may  cause  painful  muscular  contracture 
(Fig.  60,  p.  78),  paralysis,  and  wasting.  Paroxysms  of  spasm  often 
attend  the  pains,  especially  in  the  abdominal  muscles  when  the  disease 
is  in  the  dorsal  region,  and  are  apparently  reflex  in  nature. 

The  damage  to  the  cord  causes  symptoms  similar  to  those  in  caries, 
and  described  more  fully  in  the  chapter  on  "  Compression."  The  chief 
difference  from  caries  is  the  frequency  of  a  rapid  onset  of  the  paraplegic 
symptoms,  due  to  the  invasion  of  the  cord  by  acute  inflammation. 
All  power  in  the  legs  is  often  lost  in  twelve  or  twenty-four  hours  from 
the  onset,  and  this  when  no  curvature  has  taken  place.  Displacement 
of  bone  has  also  been  known  to  cause  rapid  paralysis. f  On  the  other 
hand,  in  very  slowly  growing  tumours,  the  onset  of  the  palsy  may  be 
gradual.  I  have  known  it  to  occupy  several  years  in  reaching  a  con- 
siderable degree.  Probably  in  these  cases  the  mechanism  is  a  pure 
compression.  Thus,  compared  with  caries,  the  onset  is  more  often 
rapid,  and  occasionally  much  more  deliberate.  The  characters  of  the 
resulting  paralysis  are,  as  a  rule,  similar  to  those  in  caries,  but  are 
more  frequently  modified  by  the  spread  of  inflammation.  Hence  the 
central  and  reflex  functions  of  the  lumbar  enlargement,  at  first  normal  or 
excessive,  may  be  afterwards  lost,  although  the  bone  disease  is  some 
distance  above  it.  In  a  man  with  a  growth  in  the  mid-dorsal  region, 
paraplegia  came  on  rapidly,  evidently  from  myelitis,  and  was  followed 
by  foot-clonus,  &c.  But  a  few  weeks  later  the  clonus  suddenly 
ceased,  the  muscles  became  toneless,  with  loss  of  faradaic  irritability, 
and  the  skin  began  to  slough.  The  inflammation  had  spread  down 
into  the  lumbar  enlargement.    Sensation  is  lost  rather  more  frequently 

*  The  pains  succeeded  curvature  in  ii  case  described  by  L.  Humphry  ('  Lancet,' 
1884,  i,  p.  15). 

t  Humphry,  loc.  cit. 


GROWTHS  IN  THE  SPINE. 


181 


than  in  caries.  Other  symptoms  are  the  same  as  in  compression  from 
any  cause.  The  course  of  the  disease  is,  from  its  nature,  usually 
progressive.  Occasionally,  however,  some  improvement  occurs.  An 
inflamed  cord  may  partially  recover  if  life  is  prolonged  for  a  sufficient 
length  of  time.  Much  more  rarely  the  pains  may  lessen,  although  the 
growth  spreads— perhaps  from  destruction  of  the  irritated  nerves. 

The  duration  of  the  disease  varies  according  to  the  nature  of  the 
growth.  In  cancer  it  may  almost  always  be  measured  by  months.  In 
slowly  growing  tumours  the  symptoms  may  last  for  years.  Death  may 
be  due  to  bedsores,  &c.,  to  cystitis  and  kidney  disease,  to  growths 
elsewhere,  or  the  patient  may  be  simply  worn  out  by  the  prolonged 
agony. 

Diagnosis. — The  recognition  of  the  disease  is  only  a  matter  of  cer- 
tainty when  signs  of  a  tumour  are  present,  but  the  probability  almost 
amounts  to  certainty  when  such  symptoms  as  those  described  follow  a 
primary  growth  elsewhere.  It  must  be  remembered,  however,  that 
similar  root  symptoms  are  sometimes  due  to  a  growth  in  front  of  the 
vertebral  column,  commencing,  for  instance,  in  the  glands,  and  irri- 
tating the  nerves  as  they  emerge  from  the  intervertebral  foramina. 

From  intercostal  neuralgia,  the  influence  of  movement  on  the 
pain  is  usually  a  sufficient  distinction,  even  when  cord  symptoms  are 
absent.  The  commonly  bilateral  character  of  the  pain  is  a  further 
difference.  The  chief  difficulty  in  diagnosis  is  the  distinction  from 
caries  when  other  evidence  of  growth  is  absent.  In  the  first  half  of 
life  caries  would  alone  be  thought  of  in  such  a  case,  but  in  the  second 
half  the  two  diseases  are  about  equally  frequent.  One  distinction, 
suggestive,  not  absolute,  is  the  intensity  of  the  pain  in  tumour,  taken 
in  conjunction  with  its  great  increase  when  the  patient  moves.  It  is 
true  that  the  root  pains  of  caries  are  said  to  be  sometimes  most  severe, 
but  such  severity  is  not  frequent  enough  to  destroy  the  significance 
of  intensity.  I  have  not,  for  instance,  seen  a  single  case  of  caries  (of 
a  large  number)  in  which  the  pain  was  comparable  to  that  in  most  of 
the  cases  of  growth  that  have  come  under  my  observation.  Therefore, 
while  absence  of  pain  is  of  slighter  diagnostic  value  (in  favour  of 
caries),  severe  intensity,  and  agonising  increase  by  movement,  are 
-strongly  in  favour  of  vertebral  growth.  In  each  disease  there  maybe 
angular  curvature,  but  this,  in  growths,  is  usually  soon  succeeded'  by 
other  signs  of  tumour.  In  caries  these  signs  are  absent,  and  an  abscess 
often  develops.  A  history  or  indication  of  tubercle  is  strong  evidence 
in  favour  of  caries.  These  points  will,  I  believe,  avail  for  the  distinc- 
tion in  most  cases.  In  a  few  it  is  necessary  to  wait  and  watch  before 
an  opinion  can  be  formed.  The  distinction  from  tumours  of  the  spinal 
cord  and  membranes  is  considered  in  a  later  chapter. 

Prognosis.— The  prognosis  scarcely  requires  formulating.  The 
chief  differences  are  in  the  time  that  life  is  likely  to  last.  The  pains 
usually  persist,  in  spite  of  the  progress  of  the  disease,  although  there  is 
a  bare  possibility  of  their  subsidence.    The  chance  of  any  return  of 
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power  in  tlie  paralysed  part  is  small,  although  not  quite  absent  if 
the  palsy  develops  in  a  manner  to  suggest  a  secondary  myelitis,  and 
the  progress  of  the  growth  itself  is  slow. 

Treatment. — This  must  necessarily  be  confined  to  the  relief  of  pain, 
and  to  the  avoidance  of  bedsores  and  other  results  of  the  cord  disease. 
Morphia  is  alone?  effective  for  the  relief  of  the  pain,  but  unhappily  the 
dose  has  to  be  quickly  increased,  and  the  power  of  the  drug  is  lessened 
by  custom.  It  becomes  a  race  between  dose  and  pain,  in  which,  if  life 
lasts  long,  the  pain  not  uncommonly  gets  in  front  of  the  narcotic.  It 
remains  to  be  seen  whether,  in  this  as  in  so  many  other  diseases,  cocain 
may  prove  an  effective  substitute  for  morphia,  .  . 

Vertebral  Exostoses. 

Exostoses  sometimes  grow  from  the  bodies  of  the  vertebrae  into  the 
spinal  canal,  and  may  compress  the  cord  or  nerves.  They  are,  how- 
ever, exceedingly  rare.  The  symptoms  may  be  those  of  slow  compres- 
sion of  the  cord,  or  of  irritation,  expressed  chiefly  by  pain.  They 
usually  resemble  those  of  a  tumour  of  the  cord  or  membranes  rather 
than  of  the  bones,  but  the  pain  is  occasionally  increased  by  move- 
ment. Their  chief  characteristic  is  extreme  chronicity,  but  in  this 
they  are  rivalled  occasionally  by  some  cord  tumours.  In  a  case 
(seen  with  Mr.  W.  Adams,  of  Camden  Town)  the  patient  suffered 
frequent  intense  paroxysms  of  pain  in  the  right  groin,  which  had 
occurred  for  two  years,  with  occasional  intervals  of  freedom.  There 
was  some  weakness  of  the  legs,  but  no  considerable  paralysis.  Ten 
years  before  he  had  had  some  loss  of  sensibility  in  each  thigh, 
which  had  passed  away.  An  intraspinal  tumour  was  diagnosed  ;  the 
post-mortem  examination  (by  Mr.  Coode  Adams)  revealed  exostoses 
from  the  bodies  of  the  ninth  and  tenth  dorsal  vertebrae,  slightly  com- 
pressing the  cord.  Although  extreme  chronicity  may  raise  a  suspicion 
of  exostosis  it  is  doubtful  whether  a  confident  diagnosis  is  ever  justified 
except  in  the  cases  in  which  there  are  similar  exostoses  elsewhere. 

A  patient  with  multiple  exostoses,  under  the  care  of  my  colleague 
Dr.  Barlow,  presented  paraplegia  of  gradual  onset,  which  was  supposed 
during  life,  and  found  after  death,  to  be  due  to  a  similar  exostosis 
within  the  spinal  canal.  It  had  sprung  from  one  of  the  lumbar 
vertebrae  and  had  compressed  the  nerves  of  the  Cauda  equina. 

Syphilitic  Disease. 

Syphilitic  caries  of  the  bodies  of  the  vertebrae  is  a  rare  variety,  the 
symptoms  of  which  do  not  differ  from  those  of  the  scrofulous  form. 
It  has  been  observed  in  the  cervical  region,  secondary  to  deep  syphilitic 
ulceration  of  the  pharynx.  Nodes  of  the  vertebrae,  within  the  canal, 
are  occasionally  presumed  to  exist  and  to  compress  the  cord,  but  I  do 
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not  know  of  any  pathological  observation  confirming  the  assumption 
and  it  is  probable  that  most  of  the  supposed  instances  have  been  cases 
of  syphilitic  gummata  in  the  meninges.  Deep-seated  thickening  of  the 
tissues  about  the  cervical  vertebrae  sometimes  occurs  in  syphilitic 
subjects.  It  may  develop  on  one  side  or  both,  and  is  apparently  due 
to  a  syphilitic  cellulitis.  The  swelling  may  be  felt  either  on  each  side 
and  behind  the  upper  cervical  spine,  or  deep  in  the  posterior  triangle 
of  the  neck.  Movements  Of  the  neck  may  be  interfered  with,  and  irri- 
tation of  the  nerves  may  cause. neuralgia-like  pain,  sometimes  felt 
down  the  arm.  The  spinal  cord  does,  hot  usually  suffer.  All  the 
symptoms  slowly  pass  away  if  iodide  is  given. 

Ekosion,  by  Aneurism. 

Bones,  hke  other  structures,  may  atrophy  and  was^;e  before  the 
pressure  of  an  aneurism,  and  the  bodies  of  the  dorsal,  or  rarely,  of 
the  lumbar  vertebrae  may  be  thus  eroded  by  aneurisms  of  the  aorta. 
The  pressure  and  absorption  take  place  from  the  left  side.  Two  or 
three  vertebrae  usually  suffer,  and  the  bodies  more  than  the  inter- 
vertebral cartilages.  The  periosteum  becomes  thickened  and  may 
resist  the  pressure  and  to  some  extent  protect  the  cord.  Sometimes, 
however,  the  cord  becomes  compressed,  or  the  periosteum  may  come  to 
form  part  of  the  wall  of  the  aneurism,  and  may  give  way  before  the 
blood-pressure  so  that  rupture  occurs  into  the  spinal  canal. 

The  symptoms  vary  much.  Pain  along  the  nerve-roots  is  usually 
severe,  but  this  may  attend  aneurisms  that  merely  compress  the  nerves 
after  their  emergence,  and  do  not  damage  the  bone.  The  process  of 
erosion  is  usually  attended  by  severe  pain  in  the  spine.  When  the 
cord  is  reached,  compression  causes  the  usual  pai-aplegic  symptoms,  of 
slow  or  rapid  onset.  Eupture  into  the  canal  is  attended  by  sudden 
complete  paraplegia  and  death,  either  immediate,  or  in  the  course  of  a 
few  hours  from  ascending  paralysis,  due  to  the  hsemorrhage  around 
the  spinal  cord. 

The  diagnosis  is  scarcely  possible  unless  other  indications  of 
aneurism  are  detected,  since  the  symptoms  closely  resemble  those  of  a 
growth  in  the  bone.  The  nature  of  the  disease  may,  however,  be 
suspected  if  such  symptoms  as  have  been  described  are  succeeded  by 
sudden  paraplegia  followed  quickly  by  ascending  paralysis. 

Hydatid  Disease. 

Hydatid  cysts  sometimes    develop   in  the  loose   adipose  tissue 
between  the  dura  mater  and  the  bone,  and  it  is  believed  that  they 
sometimes  form  in  the  substance  of  the  bones  themselves.  About 
a  dozen  cases  have  been  collected  by  Leyden.*     As  the  cyst 
*  '  Kliuik  der  Euckcum.  Krankli.,'  Bund  i. 
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grows,  the  bone  of  tlie  arches  becomes  atrophied  by  pressure,  and  the 
cyst  develops  outside  the  canal,  so  that  there  may  be  a  double  cyst, 
outside  and  inside,  connected  by  a  narrower  part.  Occasionally  the 
cyst  develops  also  in  front  of  the  spine,  in  the  thorax  or  abdomen. 
The  internal  cyst  necessarily  compresses  the  spinal  cord,  which  often 
also  becomes  inflamed.  The  usual  paraplegic  symptoms  develop,  both 
motion  and  sensation  being  often  lost.  .  Eadiating  pains  along  the 
nerve-roots  are  fi'equent.  The  symptoms,  in  themselves,  resemble  too 
closely  those  caused  by  other  diseases  of  the  spinal  column  to  permit 
a  diagnosis  to  be  made  unless  similar  disease  elsewhere  suggests  the 
nature  of  the  spinal  lesion,  or  unless  the  cyst  can  be  felt  in  the  back, 
when  a  puncture  may  prove  its  nature.  All  the  cases  hithei'to  recorded 
have  terminated  fatally,  but  it  has  been  conjectured  that,  if  puncture 
can  be  effected,  a  cure  may  sometimes  be  possible. 


Diseases  of  the  Articulations. 

Lateral  Cxtrvatttre  op  the  Spine  scarcely  ever  affects  the 
functions  of  the  cord.  Even  when  slight  compression  has  occurred, 
the  slowness  of  its  development  has  apparently  prevented  interference 
with  function.  In  very  rare  cases,  some  weakness  of  the  legs  has  been 
present,  possibly,  but  not  certainly,  the  result  of  the  curvature.  Occa- 
sionally the  intervertebal  foramina  have  been  narrowed,  and  the 
pressure  on  the  nerves  has  caused  radiating  neuralgic  pains. 

Arthritis  Deformans. — In  chronic  rheumatoid  arthritis,  the  inter- 
vertebral articulations  may  be  attacked,  and  the  cartilages  may 
undergo  atrophy.  Enlargement  of  the  ends  of  the  bones  may  develop, 
and,  in  thin  persons,  the  swelling  may  even  be  felt.  The  symptoms 
are  local  pain,  tenderness,  and  limitation  of  movement,  which  may  go 
on  to  absolute  fixation,  especially  in  the  cervical  region,  if  anchylosis 
occurs.  The  cord  is  scarcely  ever  compressed,  but  the  narrowing  of 
the  foramina  may  damage  the  nerve-roots,  and  cause  radiating  pains, 
and  sometimes  set  up  a  descending  neuritis.  The  nerve-trunks  in  the 
limbs  may  then  become  tender  as  well  as  painful,  muscular  atrophy 
may  occur,  and,  when  the  disease  is  in  the  cervical  region,  there  may  bQ 
symptoms  of  disturbance  of  the  sympathetic.  Spasmodic  torticollis  is 
said  to  have  been  caused  by  this  disease  in  the  cervical  region.  The 
atlo-occipital  articulation  has  been  affected  alone,  or  with  the  adjacent 
vertebrae,  and  peculiar  interference  with  the  movement  of  the  head 
has  resulted.  Sometimes  the  foramen  magnum  is  narrowed,  or  the 
odontoid  process  projects  into  the  canal.  Symptoms  of  damage  to  the 
nerves  of  the  medulla  have  been  noted  (Solbrig),  but  often  the  disease 
has  been  found  out  at  the  post-mortem  examination  without  being 
suspected  during  life.  The  treatment  of  vertebral  arthritis  is  the  same 
as  that  of  the  disease  elsewhere,  nerve  symptoms  alone  needing  special 
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treatment,  such  as  is  described  in  the  section  on  diseases  of  the 
nerves. 


DISEASES  OF  THE  MEMBRANES  OF  THE  SPINAL  COBB. 

The  general  arrangement  of  the  membranes  of  the  spinal  cord  has 
been  already  mentioned  (p.  104).  The  pia  mater  closely  invests  the 
cord,  while  the  arachnoid  forms  a  loose  sheath  around  it,  and  the  two 
membranes  are  connected  by  trabeculse  and  membranous  expansions  of 
fine  connective  tissue,  which  occupy  the  "  subarachnoid  space."  Each 
surface  of  the  dura  mater  is  covered  by  a  layer  of  epithelium.  The 
outer  sheaths  of  the  nerves  are  continuous  with  the  dura  mater ;  the 
connective  tissue,  within  the  outer  sheath,  is  continnous  with  both  the 
pia  mater  and  arachnoid.  The  blood- vessels  of  the  cord  ramify,  as  we 
have  seen,  in  the  pia  mater,  and  the  lymphatic  canals  of  the  two  are 
continuous.  Most  of  the  cerebro-spinal  fluid  within  the  vertebral 
canal  is  contained  in  the  subarachnoid  space,  but  there  is  a  little  fluid 
between  the  dura  mater  and  the  arachnoid.  Both  dura  mater  and  pia 
mater  are  supplied  with  nerves,  but  those  of  the  pia  mater  are  the 
more  abundant. 

The  morbid  processes  that  involve  the  membranes  are  chiefly  three, 
growths,  haemorrhage,  and  inflammation.  The  consideration  of 
tumours  of  the  membranes  may  be  conveniently  postponed  until  the 
consideration  of  growths  in  the  spinal  cord,  with  which  they  have  much 
in  common.  Inflammation  of  the  membranes  and  haemorrhage  into 
the  membranes  will  be  here  described. 


SPINAL  MENINGITIS:  INFLAMMATION  OF  THE 
MEMBRANES  OF  THE  SPINAL  COED. 

Inflammation  of  the  membranes  may  be  acute  or  chronic,  and  may 
begin,  and  affect  chiefly,  the  dura  mater  (pachymeningitis),  or  the  pia 
mater  (leptomeningitis  of  German  and  French  writers).  The  arachnoid 
usually  sufiers  with  the  pia  mater,  but  is  sometimes  the  seat  of  inflam- 
mation that  affects  the  pia  mater  but  little,  a  form  that  has  been 
termed  arachnitis.  Acute  inflammation,  beginning  in  one  membrane, 
usually  spreads  to  the  others.  Chronic  inflammation  may  remain 
limited  to  one  membrane,  dura  mater  or  pia  mater.  Inflammation 
may  affect  the  outer  or  inner  surface  of  the  dura  mater.  All  forms 
of  acute  mflammation,  wherever  they  begin,  cause  similar  symptoms. 
It  is  only  when  the  inflammation  is  chronic  that  the  symptoms  may 
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differ  sufficiently  to  allow  of  a  precise  diagnosis  of  the  memlDrane 
affected. 

Spinal  meningitis  may  be  conveniently  divided  into  two  forms:  (1) 
tliat  whicli  begins  outside  the  dura  mater,  and  commonly  arises  by 
extension  from  some  adjacent  focus  of  inflammation, — external  menin- 
gitis ;  (2)  that  which  begins  within  the  dura  matral  sheath,  and  is 
often  primary, — internal  meningitis.  External  meningitis  may  spread 
through  the  dura  mater,  and  the  two  forms  then  coexist.  Internal 
inflammation  rarely  spreads  to  the  outer  surface  of  the  dura  mater. 


UXTJEMNAL  MENINGITIS. 

Extei'nal  meningitis  is  thus  an  inflammation  of  the  dura  mater.  It 
has  been  termed  external  pachymeningitis,  peripachymeningitis,  and 
perimeningitis.  The  inflammation  involves  not  only  the  outer  surface 
of  the  dura  mater,  but  also  the  connective  tissue  which  intervenes 
between  the  membrane  and  the  bones,  and  in  which  are  the  venous 
plexuses  and  a  quantity  of  adipose  tissue.  In  most  cases  this  con- 
nective tissue  is  inflamed  before  the  membrane  itself.  The  morbid 
process  usually  remains  limited  to  the  outer  surface  of  the  dura  mater, 
passing  through  the  membrane  only  when  the  inflammation  is  acute 
and  intense. 

Causes. — It  is  doubtful  whether  external  meningitis  is  ever  primary. 
In  most  cases,  perhaps  in  all,  it  arises  by  extension  from  adjacent 
disease.  The  most  common  cause  to  which  it  is  secondary  is  caries  of 
the  spine.  It  may  also  result  from  deep  sacral  bedsores,  and  suppura- 
tion outside  the  spinal  column,  such  as  retropharyngeal  abscess,  or 
collections  of  pus  in  the  muscles  near  the  spine,  in  the  back  or  abdomen. 
At  the  same  time  it  is  possible  that  an  abscess  found  outside  the  spine 
has  occasionally  been  secondary  to  the  suppuration  within  the  spinal 
canal,  rather  than  the  cause  of  this.  External  meningitis  has  been 
thought,  in  rare  cases,  to  be  due  to  extension  from  inflammation  of  the 
loose  connective  tissue  beneath  an  inflamed  pleura,  to  an  ascending 
neuritis  from  a  limb,  and  to  syphilis. 

PATHOLOGicAii  Anatomt. — The  inflammation  is  sometimes  simple, 
but  far  more  frequently  purulent,  or  semi-purulent.  In  the  former 
case  the  outer  surface  of  the  dura  mater  may  be  merely  reddened  and 
opaque,  with  a  little  lymph  on  the  surface.  When  the  inflammation 
is  purulent  the  surface  may  be  covered  by  a  layer  of  pus.  Such 
inflammation  is  commonly  the  result  of  acute  septic  suppuration  in  the 
vicinity,  and  then  it  may  pass  through  the  dura  mater,  and  purulent 
internal  meningitis  coexists.  In  the  more  common  semi-punilent 
form,  such  as  is  common  in  caries  of  the  spine,  a  layer  of  inflammatory 
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products  covers  the  outer  surface  of  the  dura  mater,  soft,  semi-caseous 
or  firm  caseous  material,  sometimes  with  liquid  pus  here  and  there,  or 
contained  in  cavities  within  the  firmer  substance.  This  layer  may  be 
of  considerable  thickness,  sometimes  half  an  inch  thick  (see  Fig.  79, 
p.  170).  It  may  surround  the  dura  mater,  or  may  be  chiefly  situated 
on  one  side.  Sometimes  there  is  an  irregular  nodular  thickening  of 
the  outer  layer  of  the  dura  mater  or  even  a  sort  of  fungoid  growth 
from  it.  An  example  of  this  is  shown  in  Fig.  80. 
The  bulk  of  these  inflammatory  products  may 
cause  serious  compression  of  the  cord.  In 
most  cases  the  inner  surface  of  the  dura 
mater  and  the  pia-arachnoid  are  normal  even 
when  the  cord  itself  is  the  seat  of  pressure- 
myelitis.  Occasionally  the  inner  surface  of 
the  dura  mater  is  also  inflamed,  and  adhesions 
may  form  between  it  and  the  pia'  mater.  In  p  r 
all  forms  of  external  inflammation,  the  fat  | 
outside  the  dura  mater  quickly  becomes  ab-  | 
sorbed.  The  membrane  may  ultimately  be-  y  , 
come  adherent  to  the  bone.  The  vertical  extent  ='  % 
of  the  disease  varies  much.  When  secondary 
to  caries,  the  inflammation  is  usually  limited  |: 
to  the  neighbourhood  of  the  bone  disease.  In  if 
other  cases  the  mischief  spreads  more  widely,  f 
but  when  it  begins  in  the  dorsal  or  lumbar  \ 
regions,  it  commonly  ceases  at  the  cervical  , 
region,  in  consequence  of  the  closer  attach-  Mi 
ment  of  the  dura  mater  to  the  bone.  In  most  % 
forms  of  external  meningitis  the  nerve- roots 
suffer  as  they  pass  through  the  membrane. 
They  may  be  inflamed  and  swollen,  or  com- 
pressed and  wasted. 


Fi&.  80.— External  pachy- 
meningitis ;  nodular 
thickening  of  outer 
layer  of  dura  mater  in 
caries  of  the  spine. 


Symptoms. — In  different  cases  of  external 
meningitis  the  symptoms  vary  much,  and  they 
are  usually  complicated  with  those  due  to  the 

cause  of  the  inflammation.  Those  that  are  produced  by  the  local 
inflammation  which  is  secondary  to  caries  have  been  already  described 
in  the  account  of  that  disease.  In  other  acute  cases,  the  manifestations 
of  the  process  are  nearly  the  same  as  those  of  internal  meningitis, 
presently  to  be  described  in  detail.  The  chief  are  pain  in  the  back, 
increased  by  movement,  accompanied  by  stiffness  of  the  muscles  of  the 
spine,  and  by  cutaneous  hypersesthesia.  Another  important  symptom 
IS  the  "  excentric  "  pain,  radiating  into  the  parts  supplied  by  the  neiwes 
which  pass  through  the  inflamed  membrane,  and  due  to  irritation  of 
their  roots.  The  pains  accompany  the  hypersesthesia,  and  are  usually 
associated  with  spasm;  they  may  be  followed  by  anaesthesia,  and  some- 
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times  by  paralysis  of  the  muscles  supplied  by  the  nerves.  In  addition 
there  may  be  indications  of  interference  with  the  functions  of  the  cord 
itself,  due  to  its  compression  or  inflammation.  There  are  then  pains 
in  the  limbs,  often  so  great  as  to  prevent  walking,  paraplegic  weakness, 
and  increased  reflex  action  when  the  disease  is  above  the  lumbar  enlarge- 
ment. The  skin  of  the  limbs  may  be  hypersesthetic  or  anaesthetic,  and 
trophic  lesions  may  occur. 

These  symptoms  differ  in  character  according  to  the  acuteness  of  the 
inflammation,  and  in  distribution  according  to  its  seat.  It  is  in  the 
most  acute  form  that  the  cord  suffers  and  corresponding  symptoms  are 
developed.  In  such  cases  there  is  usually  much  pyrexia.  In  chronic 
cases,  although  the  pain  may  be  considerable,  other  signs  of  irritation, 
stiffness  and  muscular  spasm,  may  be  inconspicuous,  and  the  symptoms 
resemble  those  due  to  bone  disease. 

Diagnosis. — The  most  important  indications  of  the  disease  are  the 
vertebral  pain,  and  the  radiating  pains,  with  other  symptoms  of  irrita- 
tion of  the  nerve-roots,  combined  with  the  signs  of  pressure  on  the  cord 
itself.  These  symptoms  have  much  in  common  with  those  of  internal 
meningitis,  and  it  is  doubtful  whether  a  diagnosis  of  external  inflam- 
mation is  justified,  unless  there  is  evidence  of  a  morbid  process  to  v^hich 
the  meningitis  may  be  secondary. 

Prognosis. — The  acute  affection  is  a  grave  one,  most  recorded  cases 
having  ended  in  death.  But  it  must  be  remembered  that  the  disease 
is  usually  secondary  to  maladies  which  are  in  themselves  most  serious, 
and  that  the  exact  seat  of  the  inflammation  has  usually  been  made  out 
only  after  death.  It  is  possible  therefore  that  some  cases  which  have 
recovered,  and  in  which  the  exact  form  of  meningitis  was  uncert.ain, 
may  have  been  instances  of  this  variety,  and. that  the  fatality  of  the 
disease  may  not  be  so  great  as  published  facts  suggest.  The  chronic 
form,  which  results  from  caries,  is  only  serious  in  the  compression  it 
exerts  on  the  cord. 

Treatment. — The  first  and  most  important  element  is  the  treatment 
of  the  original  cause  of  the  disease,  the  caries,  &c.,  to  which  the  menin- 
gitis is  secondary.  Any  accessible  collection  of  pus  should  be  removed* 
Rest,  counter-irritation  to  the  spine,  especially  the  actual  cautery, 
sedatives  to  relieve  the  pain,  and  tonics  in  chronic  cases  are  the  most 
important  measures.  The  general  treatment  for  internal  meningitis  is 
also  suitable  to  the  external  form. 
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Internal  meningitis,  inflammation  beginning  within  the  dura-matral 
sheath,  may  be  either  acute  or  chronic.  The  acute  form  usually 
commences  in  the  pia  mater  and  arachnoid,  the  chronic  forms  may 
begin  in  these  membranes,  or  in  the  inner  surface  of  the  dura  mater. 
Little  is  Imown  practically  of  any  separate  affection  of  the  arachnoid. 


Acute  Internal  Meningitis. 

Acute  internal  meningitis,  since  it  begins  usually  in  the  pia  mater 
and  arachnoid,  has  been  termed  "  acute  leptomeningitis  "  but  it  only 
remains  hmited  to  those  membranes  when  of  slight  degree.  In  other 
cases  the  inner  surface  of  the  dura  mater  is  also  inflamed.  Frequently 
the  inflammation  extends  rapidly  to  the  cord,  and  to  such  cases  the 
term  "  meningo-myehtis  "  is  often  applied.  The  inflammation  may  be 
either  simple  or  purulent,  or  it  may  be  secondary  to  tubercle.  It  also 
occurs  in  conjunction  with  cerebral  meningitis  in  epidemic  form. 
Acute  simple  meningitis  is  a  rare  disease. 

^  Catjses. — Little  is  known  of  the  predisposing  causes  of  acute  menin- 
gitis, except  that  the  disease  is  more  common  in  males  than  in  females 
and  in  early  adult  hfe  than  at  other  periods,  and  that  its  occurrence 
is  favoured  by  depressing  influences  of  various  kinds,  especially  by 
over-exertion.    Among  traceable  exciting  causes,  the  most  important  is 
exposure  to  cold,  such  as  is  involved  in  sitting  on  damp  grass,  remaining 
in  wet  clothes,  exposure  to  cold  winds  during  perspiration.    It  may 
result  also  from  various  traumatic  influences,  from  fracture  to  simple 
concussion,  and  from  surgical  procedures,  such  as  puncture  of  the 
sac  of  a  spina  bifida.    Insolation,  prolonged  exposure  of  the  back  to  the 
heat  of  the  sun,  has  been  the  apparent  cause  in  some  instances. 
Suijpression  of  the  menses  has  been  regarded  as  a  cause ;  and  perhaps 
the  predisposition  to  suffer  is  greater  at  the  menstrual  period,  but  the 
suppression  is  more  probably  a  coincident  effect  of  the  cause  of  the 
meningitis.    It  has  been  observed,  in  rare  cases,  to  come  on  in  the 
course  of  acute  febrile  diseases,  scarlet  and  typhoid  fever,  acute  rheu- 
matism, pneumonia,  and  in  the  course  of  septicsemia.    It  may  also 
occur  by  extension,  first  from  the  cerebral  membranes  in  cases  in  which 
the  intracranial  inflammation  is  of  local  origin,  and,  secondly,  from 
adjacent  disease,  outside  the  spinal  membranes.  External  meningitis  is 
first  produced,  and  therefore  all  the  causes  of  external  meningitis  may 
also  be  occasional  causes  of  internal  meningitis.    In  septiceemia  the 
inflammation  is  always  purulent.    When  due  to  other  causes  it  may  be 
simple,  but  in  most  conditions,  an  acute  inflammation  may  go  on  to 
the  formation  of  pus.    In  some  instances  no  cause  can  be  traced. 
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Even  purulent  meningitis  occasionally  develops  from  some  thus  obscure 
cause,  especially  in  children. 

Pathological  Anatomy. — Internal  meningitis  is  usually  of  wide 
extent,  since  the  inflammation  spreads  readily  in  the  loose  tissue  of  the 
arachnoid.  Probably  also  the  movement  of  the  cerebro-spinal  fluid 
aids  in  the  extension,  by  conveying  from  one  part  to  another  irritant 
material.  In  the  earliest  stage,  of  which  few  observations  exist,  the 
only  change  is  congestion  of  the  pia  mater,  which  is  reddened  from 
vascularity,  and  dotted  with  ecchymoses.  The  inner  surface  of  the 
dura  mater,  and  the  substance  of  the  spinal  cord,  may  be  similarly 
congested.  When  the  inflammation  is  further  advanced,  in  the  stage 
in  which  the  condition  most  often  comes  under  observation,  the  pia 
mater  and  arachnoid  are  opaque  and  thickened,  and  an  "  exudation  " 
of  inflammatory  products,  greyish  yellow  in  tint,  may  cover  the  pia 
mater  and  occupy  the  meshes  of  the  arachnoid.  The  exudation  may 
be  semipurulent  in  aspect,  and  in  the  suppurative  form  the  structures 
are  bathed  in  pus.  The  inner  surface  of  the  dura  mater  usually  pre- 
sents similar  changes,  and  the  inflammatory  products  may  fill  up  the 
whole  space  between  the  dura  and  pia  mater,  thus  connecting  the  two 
membranes  and  surrounding  the  nerve-roots  (Fig.  81).   The  microscope 


Fis.  81.— Purulent  meningitis  j  portion  of  spinal  cord  and  membranes  j  the  space 
between  the  pia  mater  and  dura  mater  is  occupied  by  inflammatory  products,  pus,  &c., 
in  which  the  nerve-roots,  »  m,  are  embedded,  a  a.  Cavities  which  had  apparently 
been  filled  with  liquid  pus.    From  a  case  of  septic  origin,  secondary  to  caries  of  the 

Fig.  82. — From  the  same ;  meshes  of  arachnoid  infiltrated  with  pus-corpuscles.  A 
nerve-root,  n.  r.,  although  surrounded  by  pus,  is  perfectly  normal,  and  so  also  are  the 
pia  mater,  p.  m.,  and  the  peripheral  layer  of  the  spinal  cord,  s.  o. 


shows  abundant  leucocytal  elements,  and  the  larger  round  and  spindle 
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cells  that  are  common  iu  all  inflammatory  products.    Tlie  former 
corpuscles,  which  resemble,  and  are  probably  identical  with  pus- 
corpuscles,  may  be  abundant,  even  when  the  exudation  has  not  a 
distinctly  purulent  aspect,  and  when  it  has  they  constitute  almost 
the  whole  of  the  material,  lying  among  the  fibres  of  the  arachnoid 
(Fig.  82).    The  vessels  are  dilated,  and  their  sheaths  distended  with 
cells.    The  spinal  fluid  is  increased  in  quantity,  and  turbid  from 
flocculi,  or  even  purulent  in  aspect.    The  nerve-roots  are  covered  with 
exudation,  and  are  often  swollen  and  reddened  from  invasion  by  the 
inflammation.    But  they  do  not  always  suffer,  even  in  purulent 
meningitis,  as  Fig.  82  shows,  in  which  a  nerve-root  is  almost  normal 
in  aspect,  and  its  sheath  is  unaffected,  although  it  is  surrounded  by 
pus-cells.    The  spinal  cord  is  often  invaded  by  the  inflammation; 
it  is  reddened,  pale,  and  softened,  and  the  microscope  shows  the 
tissue  changes  common  in  other  forms  of  myelitis.    The  change  is 
always  most  marked  in  the  periphery  of  the  cord,  and  may  occur 
in  wedge-shaped  areas,  having  the   apex   directed  inwards,  and 
coalescing  at  the  periphery.    The  continuity  of  the  vessels,  and  lym- 
phatic spaces,  of  the  pia  mater  and  cord  renders  the  invasion  of  the 
latter  intelligible.    In  some  cases  of  purulent  meningitis  the  pia  mater 
itself  is  little  affected,  even  when  the  arachnoid  is  filled  with  pus,  and 
in  these  cases  the  spinal  cord  may  be  normal,  as  in  the  example  shown 
in  Fig.  82.    If  recovery  takes  place,  the  inflammatory  products  may 
tmdergo  cicatricial  changes,  the  membranes  remaining  opaque  and 
adherent,  and  there  may  be  permanent  excess  of  arachnoid  fluid.  The 
changes  in  the  cord  may  lead  to  sclerosis,  widely  spread,  or  limited  to 
certain  spots,  and  from  these  secondary  degenerations,  ascending  and 
descending,  may  develop.    The  area  affected  varies  in  different  cases. 
Occasionally  the  membranes  are   involved  in  their  whole  extent. 
Usually  the  affection  is  greater  on  the  posterior  than  on  the  anterior 
surface;  probably  on  account  of  the  influence  of  the  recumbent 
posture. 

In  tubercular  inflammation  the  amount  of  exudation  is  usually  less, 
and  it  may  be  absent.  If  present  it  is  commonly  grey  and  gelatinous 
in  appearance,  and  in  it  are  scattered  the  greyish  or  whitish  tubercular 
granulations.  Similar  granulations  may  usually  be  found  in  abundance 
upon  the  inner  surface  of  the  dura  mater.  Such  grey  granulations 
are  often  found  upon  the  spinal  membranes  in  cases  of  tuberculosis 
when  there  is  no  inflammation  and  even  when  the  cerebral  membranes 
are  intensely  inflamed.  The  arachnoid,  especially  that  covering  the 
Cauda  equina,  may  appear  as  if  dusted  over  with  grey  particles,  so 
abundant  are  the  granulations. 

In  many  cases,  the  signs  of  spinal  meningitis  are  associated  with 
those  of  inflammation  of  the  membranes  of  the  brain,  chiefly  of  those 
about  the  base  and  posterior  part  of  the  brain,  rarely  of  the  vertex. 
The  continuity  of  the  spinal  and  cerebral  inflammation  may  be  obvious 
or  indistinct.    In  the  latter  case,  the  connecting  inflammation  has 
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apparently  teen  much  slighter  than  that  in  the  base  of  the  brain  or 
around  the  cord.  In  cases  of  slight  cerebral  meningitis,  in  which  the 
patient  has  been  recumbent,  signs  of  spinal  meningitis,  opacity  of  the 
arachnoid  and  its  distension  with  slightly  turbid  fluid,  may  exist  only 
in  the  cervical  region,  ceasing  opposite  the  upper  doxsal  vertebrae,  and 
thus  extending  as  far  as  gravitation  (the  head  being  slightly  raised  on 
a  pillow)  favoured  the  descent  of  inflammatory  products.  In  the  violent 
purulent  cerebro-spinal  meningitis  which  is  occasionally  produced  by  a 
septic  influence,  pus  around  the  cord  is  often  continuous  with  that 
which  bathes  the  base  of  the  brain.  In  a  case  of  this  kind,  in  which  the 
meningitis  was  secondary  to  acute  double  pui-ulent  otitis.  Ley  den 
found  abundant  active  micrococci,  very  similar  to  those  associated 
with  erysipelas. 

Symptoms. — Slight  pain  in  the  back,  and  malaise,  may  precede  the 
acute  onset  of  the  symptoms.    This  is  usually  marked  by  a  rigor, 
by  pyrexia,  and  by  severe  pain  in  the  back.    The  pain  varies  in 
position,  according  to  the  locality  of  the  inflammation.    It  is  often 
felt  along  the  whole  extent  of  the  spine.    Pain  also  radiates  along  the 
distribution  of  the  nerves,  round  the  trunk  or  to  the  extremities. 
This  is  paroxysmal  and  very  intense  ;  sharp,  darting,  burning,  or  con- 
stricting.   The  pain  in  the  back  is  usually  constant,  with  exacerba- 
tions.   It  is  often  increased  by  movement,  usually  also  by  pressure 
and  by  the  application  of  a  hot  sponge  to  the  skin.    It  is  no  doubt  due 
to  the  irritation  of  the  inflamed  meninges,  while  the  radiating  pain  is 
produced  by  the  inflammation  of  the  sensory  nerve-roots.  Muscular 
spasm  usually  comes  on  at  the  same  time  as  the  pain.    It  shows  itself 
first  in  rigidity  of  the  muscles  of  the  back,  most  marked,  if  the  inflam- 
mation is  local,  in  the  neighbourhood  of  the  inflamed  part.    It  may 
merely  cause  retraction  of  the  head,  or  stiffness  of  the  back,  or  may 
be  so  general  and  severe  as  to  cause  opisthotonos,  resembling  that  of 
tetanus.    The  spasm  usually  involves  also  other  trunk-muscles,  espe- 
cially those  of  the  abdomen,  which  become  hard  and  cramped.  The 
limbs  also  become  rigid,  and  painful  cramp-like  spasms  occur  in  them, 
especially  on  attempts  to  move.    The  spasm  is  probably  in  part  due  to 
the  irritation  of  the  motor  nerve-roots,  and  is  in  part  reflex  from  the 
irritation  of  the  sensory  fibres  distributed  to  the  pi  a  mater.    There  is 
usually  great  hypersesthesia  of  the  skin  to  all  forms  of  sensation,  and 
also  increased  sensitiveness  of  the  muscles,  especially  in  the  lower 
extremities.    Pressure  on  the  muscles  of  the  arms  may  cause  no  un- 
easiness, while  a  similar  pressure  on  those  of  the  legs  occasions  great 
pain,    Eeflex  action  is  usually  increased  at  the  beginning.    There  are 
constipation  and  often  retention  of  urine,  in  spite  of  irritable  attempts 
to  pass  water,  the  result,  apparently,  of  reflex  spasm  of  the  bladder  and 
sphincter.    The  vascular  dilatation  which  follows  a  scratch  on  the 
skin  is  prolonged  (meningeal  streak).    Dyspncea  may  result  from  the 
spasm  of  the  thoracic  muscles,  and  may  be  almost  suffocating  in  its 


INTERNAL  MENINGITIS.  193 

severity.  The  pulse  may  be  frequent  or  retarded.  The  temperature 
is  raised,  sometimes,  however,  to  only  a  slight  degree.  Cerebral  sym- 
ptoms, headache,  delirium,  coma,  occur  when  inflammation  has  extended 
.  within  the  skull.  The  "  Cheyne-Stokes  breathing  "  may  be  present, 
from  implication  of  the  medulla. 

As  the  disease  progresses,  the  symptoms  of  irritation  give  place  to 
those  of  paralysis,  which  may  be  most  marked  where  the  rigidity  was 
greatest.    The  limbs  become  relaxed,  and  feeble  or  powerless.  Sensi- 
bility is  lessened  or  lost.    Keflex  action  disappears,  and  death  may 
occur  from  asthenia,  or  from  paralysis  of  the  respiratory  muscles. 
Towards  the  end  there  is  sometimes  considerable  rise  of  temperature. 
In  some  cases  the  symptoms  become  less  progressive  and  the  disease 
passes  into  a  less  acute  stage ;  the  pains  persist,  the  loss  of  power 
continues  and  may  even  slowly  increase.    Death  may  occur,  after  weeks 
of  suffering,  from  the  effects  of  bedsores  or  from  secondary  kidney 
disease,  due  to  the  retention  of  urine,  and  facilitated  by  trophic  dis- 
turbance.   On  the  other  hand,  in  slight  cases,  the  signs  of  irritation 
may  lessen  and  pass  away,  while  those  of  structural  damage,  paralysis 
and  anaesthesia  may  remain,  and  to  these  may  be  added  muscular 
atrophy  and  contractures,  from  the  secondary  consequences  of  the 
lesions  of  the  nerve-roots.    Such  persistent  symptoms  vary  much  in  • 
extent  and  degree,  according  to  the  position  and  intensity  of  the  morbid 
process.    The  symptoms  of  damage  to  the  cord  may  slowly  increase  in 
consequence  of  the  spread  of  chronic  myelitis,  or  still  more  chronic 
degeneration,  set  up  by  the  acute  mischief.    In  very  slight  cases 
the  symptoms  of  meningitis  may  pass  entirely  away 

The  symptoms  above  described  vary  in  their  grouping,  according  to 
the  position  of  the  disease.    When  the  membranes  over  the  lumbar 
enlargement  are  chiefly  affected,  the  pains,  hypera^sthesia,  and  cramps 
are  confined  to  the  legs  and  loins.    When  the  disease  is  in  the  do3 
region  there  may  be  similar  hyperesthesia  and  spasm  in  the  legs  bu 
the  pain  and  cramp  extend  higher,  and  involve  the  trunk    If'  the 
cervical  region  is  affected,  the  symptoms  extend  to  the  upper  extren^ 
ties    the  dyspnoea  may  be  great,  and  there  is  often  "^difficulty  Tn 
swallowing.    Contraction  or  dilatation  of  one  or  both  pupils  may  occi^ 
Extension  to  the  brain  is  marked  by  vomiting,  general  hTadaT" 
dehrium,  and  paralysis  of  cranial  nerves.    If  sucLyrptol  pr^^^^^^^^^^^ 
hose  of  spmal  meningitis,  we  may  conclude  that  the  inflammaln 
commenced  with m  the  skull,  and  descended  to  the  spine.    Tr  sym" 
ptoms  ,ary  somewhat  according  to  the  nature  of  the  inflammation  ^1 
purulent  meningitis,  strange  to  say,  the  symptoms  of  irritation  irsome 

tnJrZtT'  llT'''  '''''' 

therr^r;  hardlv  .  ^^"^  were  taken 

tnere  were  hardly  any  symptoms  to  suggest  meningitis,  and,  although 
there  was  pai;aplegia,  it  was  probably  produced  b/the  mer;  p  lire 

or  spasm.    The  case  was  apparently  of  septic  origin.    The  duration  of 

Id 
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the  acute  symptoms  varies  from  a  day  or  two,  in  severe  cases,  which 
end  in  death,  to  two  or  three  weeks,  in  cases  of  less  severity,  which  may 
end  in  either  death  or  recovery.  The  duration  of  the  subacute  and 
chronic  symptoms  that  supervene  is  to  be  measured  by  months,  and 

sometimes  by  years. 

The  symptoms  of  tubercular  spinal  meningitis  resemble  those  which 
have  been  described,  but  are  usually  less  intense.  There  is  pain  iu 
the  bach  and  loins,  with  stiffness  of  the  spine  and  retraction  of  the  neck, 
so  that  it  may  be  diflB.cult  to  bend  the  head  forwards.  There  is  also 
variable  rigidity,  hypersesthesia,  and  tingling  in  the  limbs,  followed 
by  lessened  sensibility  and  paraplegic  symptoms.  Herpes  along  the 
course  of  an  intercostal  nerve  has  been  noted. 

Diagnosis.— The  diagnosis  of  the  disease  rests  on  the  pain  in  the 
back,  the  rigidity  of  the  spine,  the  hypersesthesia  and  spasm  in  the  limbs, 
excited  especially  by  attempts  to  move  them,  the  acute  onset  of  the 
symptoms  and  their  association  with  pyrexia.   In  simple  myelitis,  on  the 
other  hand,  there  is  little  pain  in  the  back,  paralysis  occurs  early  and  is 
the  characteristic  symptom,  and  there  is  little  or  no  spasm  in  the  limbs 
in  the  early  stage  of  the  affection.    Often,  however,  some  meningitis 
occurs  at  the  onset  of  acute  myelitis  and  then  some  pain  in  the  back 
and  slight  rigidity  in  the  limbs  may  precede  or  accompany  the  onset 
of  the  paralysis.    In  such  cases  the  predominance  of  the  meningeal 
or  cord  symptoms  must  determine  the  category  in  which  the  case  is  to 
be  placed.    Tetanus  is  attended  by  rigidity  of  the  back,  and  by  spasm, 
but  there  is  no  fever  at  the  onset,  trismus  is  an  early  and  obtrusive 
symptom,  and  the  paroxysms  of  muscular  spasm  are  excited  by  peri- 
pheral impressions  much  more  readily  than  in  meningitis,  in  which 
they  occur  chiefly  on  attempts  to  move.    Bheumatism  of  the  dorsal 
muscles  may  cause  pain  in  the  back  on  movement,  but  there  is  not  the 
■  spontaneous  pain,  or  the  spasm  in  the  muscles,  which  characterise 
meningitis    In  gonorrhceal  rheumatism  both  spinal  and  radiatmg  pain 
may  exist,  probably  from  an  affection  of  the  vertebral  articulations, 
similar  to  that  which  exists  elsewhere.  The  affection  of  other  joints  and 
the  absence  of  rigidity  are  commonly  sufficient  for  the  diagnosis.  The 
diagnosis  of  tubercular  spinal  meningitis  depends  on  the  combination 
with  cerebral  meningitis,  which  usually  precedes  the  spmal  symptoms, 
and  on  the  gradual  and  insidious  onset.    Indications  of  the  tubercular 
or  scrofulous  diathesis  are  commonly  present  in  the  state  of  other 
organs,  or  to  be  ascertained  from  the  family  history  of  the  patient. 

Prognosis.— The  prognosis  is  grave  in  all  cases.  It  is  worse  the 
more  severe  and  acute  are  the  symptoms,  the  higher  the  tempera- 
ture and  the  sooner  the  symptoms  of  irritation  give  place  to  those  of 
paralysis.  It  is  worse  also  when  due  to  lesions  of  the  spinal  column 
or  to  tuberculosis,  than  when  due  to  cold,  and  worse  m  the  so-called 
"  spontaneous  "  cases  than  in  those  which  result  from  traumatic  causes. 
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Eecoveiy  is  more  probable  in  middle  life  than  in  early  or  advanced  age. 
The  previous  health  of  the  patient  also  influences  the  prognosis.  It 
must  always  be  remembered  that  even  if  the  patient  survives  the 
period  of  acute  inflammation,  serious  permanent  mischief  may  remain. 

Treatment.— Perfect  rest  and  quiet  are  of  the  greatest  importance 
throughout  the  course  of  the  disease.    All  noise  should  be,  as  far  as 
possible,  excluded;  the  light  should  be  subdued,  and  all  bodily  move- 
ment and  mental  exertion  as  far  as  possible  avoided.    Although  it  is 
undesirable  that  the  spine  should  be  the  lowest  part  of  the  body,  yet, 
in  acute  meningitis,  it  is  scarcely  possible  for  the  patient  to  lie  in  any 
other  posture.   The  prone  position  interferes  with  respiration,  and  both 
It  and  a  lateral  posture  cannot  be  borne  on  account  of  the  greater 
muscular  exertion  which,  directly  or  indirectly,  they  entail     Dry  or 
m  robust  patients,  wet  cupping,  or  leeching,  along  the  spine  may  be 
employed  at  the  onset,  and  be  foUowed  by  the  local  application  of  ice, 
by  means  of  a  spmal  ice  bag  which  may  be  extemporised  with  gutta- 
percha tissue  made  to  adhere  by  touching  it  with  chloroform.  Counter- 
irritation,  by  blisters  or  repeated  sinapisms,  is  more  useful  when  the 
disease  is  subsiding  than  at  the  onset.    In  cases  that  are  due  to  cold, 
tree  diaphoresis  often  does  good;  a  hot  air  or  vapour  bath  should  be 
employed  at  the  onset  of  the  treatment.   A  warm  bath  may  be  followed 
by  moist  packing  for  several  hours.    The  relief  thus  given  is  sometimes 
very  great.    The  bowels  should  also  be  freely  opened 

The  only  internal  remedy  which  has  been  held  in  general  repute,  as 
capable  of  influencing  the  inflammatory  process,  is  mercury.  The 
confidence  placed  in  it  of  old  is  not  altogether  unwarranted.  It  may 
be  given,  guarded  with  opium  to  avoid  irritation  of  the  bowels,  until 
there  IS  a  very  gentle  affection  of  the  gums.    The  oleate  of  m;rcury 

comb  r       '     ^'r'  ^"-^^^^^  tl^en  may 

to  Have  little  influence  over  acute  inflammation. 

.eliet  f^^^^^^^^^    f -halations  of  chloroform  are  necessary  to 
bionna  o  C  T  '''''''  '''''  ''''''  «d  ^y , 

^^^^^  — 

advalge  ^TLcs   rtT^^^^^^^^^  ''^^'^  ^^P^^^^^ 

Warm  baths  Til^  ''''''l'^'''^'''^'         even  strychnia  are  beneficial. 
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Chronic  Inteenal  Meningitis 

Chi-onic  inflammation  of  the  membranes  of  the  cord,  within  the  dura- 
matral  sheath,  is  divided  into  two  forms,  according  as  it  begins  in, 
and  chiefly  affects,  the  dura  mater,  chronic  internal  pachymeningitis, 
or  the  pia  mater  and  arachnoid,  chronic  leptomeningitis.  Although 
these  forms  sometimes  present  distinct  clinical  and  pathologifal 
features,  they  have,  when  of  considerable  degree,  many  characters  in 
common ;  they  own  the  same  causes,  and  need  the  same  treatment. 
Hence  it  is  most  convenient  to  describe  them  together  as  forms  of 
internal  meningitis.  The  condition  termed  hcBmatoma  of  the  dura 
mater  depends  on  a  form  of  hsemorrhagic  inflammation. 

Causes. — Chronic  internal  meningitis,  in  every  form,  is  most  frequent 
in  adult  age,  and,  like  acute  inflammation,  affects  men  more  frequently 
than  women.    It  has  been  observed  in  persons  with  neurotic  heredity, 
although  whether  any  influence  is  to  be  ascribed  to  this  relation  is 
doubtful.  Debilitating  influences  of  various  kinds  may  predispose  to  the 
disease,  and  it  is  sometimes  the  result  of  constitutional  syphilis  and  of 
chronic  alcoholism.    The  syphilitic  form  often  reaches  a  high  degree 
of  intensity.    Among  exciting  causes  the  most  important  is  prolonged 
and  habitual  exposure   to  cold.     It  is  doubtful  whether  simple 
mechanical  congestion  ever  produces  the  disease.    Traumatic  lesions, 
concussion,  &c.,  are  occasional  causes,  and  the  affection  has  been 
ascribed  to  prolonged  over-exertion  and  to  sexual  excess.    It  may 
result  by  extension  from  inflammation  outside  the  dara  mater  and  from 
chronic  inflammation  of  the  substance  of  the  cord  itself.  Chronic 
cerebral  meningitis  is  sometimes  associated  with  the  spinal  inflamma- 
tion, but  it  is  often  uncertain  whether  the  association  is  due  to  extension 
or  whether  both  are  the  result  of  a  common  cause.    Lastly,  it  must 
be  noted  that  chronic  meningitis  may  be  a  sequel  to  the  acute  form. 
Hsemorrhagic  pachymeningitis  occurs  especially  in  the  insane,  but  has 
been  met  with  as  a  consequence  of  chronic  alcoholism  and  after 
injuries. 

PATHOLOGicAii  Anatomt.— In  slight  and  moderate  degree  there  is 
merely  opacity  and  thickening  of  the  membranes  affected,  sometimes 
with  distension  of  vessels  or  minute  spots  of  extravasation.  The  inner 
surface  of  the  dura  mater  may  be  granular.  The  spinal  fluid  is 
increased  in  quantity  and  is  turbid.  The  opacity  of  the  arachnoid  may 
be  such  that  the  spinal  cord  cannot  be  seen  through  it.  When  the 
changes  are  greater  in  degree,  the  dura  mater  and  pia  mater  may  be 
connected  together  by  a  tract  of  inflammatory  tissue  of  considerable 
thickness,  so  that  it  may  be  impossible  to  say  in  which  membrane  the 
disease  commenced.  The  microscope  shows  the  ordinary  elements  of 
inflammatory  tissue,  cells  of  various  kinds,  many  lymphoid  and  pus- 
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like  corpuscles,  and  distended  vessels,  often  encrusted  by  lymphoid 
cells.  Frequently  also  the  pia  mater  is  transformed  into  a  thick 
irregular  layer  of  homogeneous  tissue  in  which  no  distinct  cell- 
elements  can  be  perceived,  and  only  faint  indications  of  a  fibrous 
structure  (Fig.  83).  The  walls  of  its  vessels  may  be  greatly  thickened 
by  similar  material. 


1? 
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.  83.— Chrome  alcoholic  meningitis.  Section  of  edge  of  anterior  column  and  of 
a  large  nerve-root ;  carmine  preparation,  p.  m.  Pia  mater  irregularly  thickened 
and  transformed  into  amorphous-looking  tissue,  from  which  wedge-shaped 
branching  tracts  {xx)  extend  into  the  white  substance  ;  /./.,  fasciculi  of  nerve- 
fibres  entering  the  cord ;  a.,  an  artery  in  the  nerve-root,  enlarged  and  with 
thickened  walls;  t.  t.,  tracts  of  amorphous  connective  tissue:  e.,  a  small 
extravasation.  '  "'"a" 


The  nerve-roots  passing  through  the  diseased  membranes  are  usually 
inflamed,  reddened,  and  swollen,  and  afterwards  may  be  compressed  and 
atrophied,  if  the  amount  of  new  tissue  formed  about  them  is  consider- 
able. They  suffer  thus  especially  when  the  inflammation  involves  the 
dura  mater,  on  account  of  the  unyielding  character  of  the  fibrous 
sheaths  which  they  receive  from  that  membrane.  When  the  pia  mater 
IS  thickened,  scattered  tracts  of  connective  tissue  may  be  seen  in  the 
substance  of  the  nerve-roots,  between  the  fibres  (Fig.  83,  t). 

The  spinal  cord  may  be  little  affected,  but  is  frequently  damaged  by 
the  extension  to  it  of  the  inflammation,  causing  softening,  vascularity 
loss  of  distinction  between  grey  and  white  substance,  breaking  down 
of  nerve-elements,  and  infiltration  by  lymphoid  and  angular  cells 
It  may  also  suffer,  when  the  amount  of  newly-formed  tissue  is  con- 
siderable, by  compression  alone  or  in  combination  with  the  inflam- 
mation which  usually  accompanies  pressure.  When  the  pia  mater  is 
thickened,  tracts  of  similar  tissue  may  extend  into  the  coid,  becominc. 
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narrower  as  they  pass  inwards  and  sending  out  branching  trabecule 
(Fig.  83,  x).  Between  these  tracts  the  nerve-fibres  may  be  normal  or 
degenerated. 

The  membrane  in  which  the  inflammation  begins  may  be  much  more 
affected  than  the  other,  although  the  latter  is  very  rai-ely  healthy  except 
in  the  slightest  cases.    Inflammation  beginning  in  the  pia  mater  and 
arachnoid  is  often  extensive  in  range.    That  which  commences  on  the 
inner  surface  of  the  dura  mater  is  frequently  localised.    This  local 
inflammation  of  the  inner  surface  of  the  dura  mater  often  leads  to  the 
formation  of  a  large  amount  of  new  tissue,  and  has  been  described  b^ 
Charcot  and  Joffroy  as  hypertrophic  internal  pachymeningitis.    It  affects 
most  commonly  the  cervical  region,  but  sometimes  occurs  at  the  lower 
part  of  the  cord.    On  opening  the  spinal  canal  a  fusiform  tumour  is 
seen,  the  outer  surface  of  which  is  the  unaltered  outer  surface,  of  the 
dura  mater,  and  on  section  the  enlargement  is  seen  to  depend  chiefly 
on  a  great  thickening  of  the  inner  part  of  this  membrane,  sometimes 
amounting  to  one  fifth  of  an  inch;  several  layers  of  new  tissue' can 
often  be  distinguished,    The  pia  mater  may  be  normal,  but  is  more 
commonly  thickened,  and  it  is  often  united  to  the  tissue  proceeding 
from  the  dura  mater.    The  cord  is  compressed  and  commonly  softened 
at  the  spot,  and  it  presents  signs  of  old  inflammation.    The  nerve- 
roots  are  also  greatly  damaged  by  compression  by  the  newly-formed 
tissue.    In  other  cases  the  thickening  of  the  dura  mater- is  slighter 
and  more  diffuse,  affecting  occasionally  a  wide  extent  of  the  membrane. 
Sometimes  at  the  spot  most  affected,  the  cord  may  be  surrounded  by 
a  ring  of  new  tissue  of  cartilaginous  hardness.  "  The  vertical  extent  of 
the  disease  varies  much.    It  is  often  considerable,  sometimes  universal, 
but  occasionally  it  is  small.    The  membranes  about  the  cauda  equina 
may  alone  be  affected— the  dura  and  pia  mater  adherent,  and  the 
nerves  united  in  a  fibrous  mass. 

It  is  doubtful  whether  the  white  fibroid  or  cartilaginous  plates  found 
so  often  in  the  arachnoid  after  death  have  any  connection  with  pre- 
ceding inflammation.  In  most  cases  in  which  they  are  found  no  sym- 
ptoms have  existed  during  life.  It  is  said,  however,  that  when  they 
are  numerous  and  extensive  they  may  give  rise  to  symptoms  closely 
resembhng  those  of  chronic  meningitis.  (Vulpian).  Fibroid  plates 
in  the  dura  mater  have  been  seen  in  a  case  in  which  previous  symptoms 
suggested  that  they  resulted  from  chronic  inflammation.  (Jaccoud.) 

In  the  rare  cases  in  which  the  inner  surface  of  the  dura  mater  is  the 
seat  of  a  form  of  hsemorrhagic  inflammation  similar  to,  and  commonly 
associated  with,  that  which  affects  the  cranial  membrane  (internal 
hsemorrhagic  pachymeningitis,  hsematoma  of  the  spinal  dura  mater), 
a  reddish  brown  exudation  covers  the  surface  of  the  membrane.  It  is 
composed  of  fibrin  and  extravasated  blood  ;  the  latter  may  be  encysted 
in  small  cavities,  or  may  be  in  various  stages  of  transformation.  The 
change  commonly  extends  over  a  great  part  of  the  cord.  It  is  appa- 
rently the  result  of  hsemorrhage  into  inflammatory  tissue. 
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•  Symptoms.  — The  symptoms  of  chronic  internal  meningitis,  like  those 
of  the  acute  form,  are  due  to  the  irritation  of  the  membranes,  to  the 
damage  to  the  nerve-roots,  and  to  the  affection  of  the  cord.  In  the 
different  forms,  one  or  another  of  these  sets  of  symptoms  predominate, 
so  that  the  varieties,  while  possessing  many  characters  in  common, 
may  differ  considerably  in  their  clinical  aspect.  In  some  cases,  we 
can  infer,  with  accuracy,  the  special  form  of  the  disease,  but  in  many 
others  we  cannot  carry  our  diagnosis  beyond  the  conclusion  that 
chronic  internal  meningitis  exists,  and  are  unable  to  say,  even  with 
probability,  which  membrane  is  primarily  affected. 

The  common  symptoms  are  these:  There  is  pain  in  the  bact, 
increased  by. movement,  sometimes,  however,  amounting  only  to 
heavy  dull  discomfort,  and  accompanied  by  some  stiffness  of  the  back, 
and,  when  in  the  cervical  region,  by  some  retraction  of  the  head.  The 
pain  is  increased  by  pressure  on  the  spines,  and  its  increase  by  move- 
ment may  cause  a  fixation  of  mobile  parts,  as  the  neck,  in  some 
abnormal  position.  The  pain  is  apparently  due  to  the  irritation  of  the 
meningeal  nerves,  and  the  rigidity  is  to  be  regarded  as  a  reflex  effect 
of  this  irritation. 

Still  more  conspicuous,  in  many  cases,  are  the  radiating  or  excentric 
pains  due  to  the  irritation  of  the  nerve-roots,  and  referred  to  the  region 
in  which  the  nerves  are  distributed,  back  of  the  head,  neck,  arms 
thorax,  abdomen,  loins,  or  legs,  according  to  the  position  of  the  disease.' 
These  pains  are  ofteii  very  severe,  sharp,  darting,  burning,  or  rheumatoid 
m  character,  paroxysmal  in  occurrence,  and  sometimes  worse  at  night. 
They  may  be  accompanied  by  a  painful  sense  of  constriction,  and  by 
various  unpleasant  sensations,  numbness,  tingling,  formication,  in  the 
same  areas.    Hypersesthesia  may  also  exist,  so  that  pain,  sometimes 
thrilling  in  character,  is  produced  by  touching  the  skin,  or  by  slight 
degrees  of  heat  or  cold,  and  a  hot  or  cold  sponge  passed  along  the  skin 
of  the  back  may  reveal  the  chief  seat  of  disease  by  the  change  of  sen- 
sation at  its  level.    The  hypersesthesia  may  be  more  marked  to  one 
form  of  sensation  than  to  another.    Cutaneous  eruptions,  such  as 
result  fi-om  other  nerve- lesions,  have  also  been  observed  in  association 
with  the  pains.    In  the  same  regions,  muscular  twitching,  tremor,  or 
even  spasm  may  result  from  the  irritation  of  the  motor  root-fibres 
These  symptoms  correspond  in  their  level  to  the  part  of  the  membranes 
chiefly  diseased.    When  the  lumbar  membranes  are  affected  the 
radiating  pains  are  felt  in  the  legs,  but  when  the  disease  is  higher  up 
the  legs  may  merely  feel  heavy,  and  be  the  seat  of  slight  abnormal 
sensations. 

These  pains  having  lasted  for  a  time,  weeks  or  months,  certain  para- 
lytic symptoms  manifest  themselves.  The  pains  sometimes  persist,  but 
may  cease  when  paralysis  comes  on.  Some  paralytic  symptoms 
occur  m  the  regions  in  which  the  severe  pains  are  felt,  and  depend  on 
further  damage  to  the  nerve-roots.  Sensation  becomes  lessened,  or 
even  lost,  in  certain  areas,  to  touch,  or  pain,  or  both.    The  muscles 
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in  the  same  region  become  wealc,  and  waste ;  their  irritability  to 
faradaism  is  lessened,  that  to  voltaism  may  persist  or  may  also 
become  less  than  normal.  The  wasting  affects  the  muscles  irregu- 
larly, but  entire  groups  may  atrophy.  Eeflex  action  in  these  parts 
is  lowered.  In  the  trunk  this  loss  of  reflex  action,  and  anaes- 
thesia, may  be  the  chief  local  symptoms.  As  the  disease  progresses, 
the  cord  itself  suffers,  by  compression,  or  by  extension  to  it  of  the 
inflammation.  The  parts  below  the  seat  of  the  disease  then  become 
paralysed,  the  legs  are  weak  and  the  seat  of  dull  heavy  pain ;  reflex 
action  in  them  may  be  increased,  while  their  muscular  nutrition  con- 
tinues good,  unless  the  lumbar  membranes  are  diseased,  or  the  myelitis 
descends  the  cord.  Power  over  the  sphincters  may  be  lost  and  bed- 
sores may  form. 

"When  the  inflammation  affects  chiefly  the  pia  mater  and  arachnoid 
(chronic  leptomeningitis)  the  symptoms  of  meningeal  irritation  are  very 
conspicuous, — vertebral  pain  and  rigidity  of  the  back,  with  cutaneous 
hypersesthesia,  and  the  radiating  pains  may  also  be  considerable. 
These  symptoms  are  especially  marked  in  cases  of  subchronic  meningitis, 
such  as  are  due  to  chronic  alcoholism.  The  local  paralytic  symptoms, 
anaesthesia  and  muscular  wasting,  may  be  absent  in  these  cases,  or  may 
only  come  on  in  slight  degree  after  the  other  symptoms  have  lasted 
for  a  considerable  time.  On  the  other  hand,  weakness  and  pains  in 
the  legs,  from  affection  of  the  cord  itself,  may  be  an  early  symptom. 

When  the  inflammation  begins  in  the  dura  mater  {internal pachymenin- 
gitis) the  symptoms  of  spinal  irritation,  pain  and  stiffness  of  the  back, 
although  occasionally  present,  are  much  less  prominent  symptoms  than 
are  those  which  depend  on  the  irritation  of,  and  damage  to,  the  nerve- 
roots.    The  radiating  pains  are  very  severe  and  are  often  the  earliest 
symptom.    At  a  later  stage  the  muscular  weakness,  followed  or  accom- 
panied by  wasting,  chiefly  attracts  attention,  and  the  wasting  may  be  so 
great  that  the  disease  is  mistaken  for  progressive  muscular  atrophy- 
This  is  especially  the  case  when  the  lesion  is  in  the  cervical  region,  the 
"  cervical  hypertrophic  pachymeningitis  "  of  Charcot  and  Jeffrey.  In 
this  affection,  pains  in  the  back  of  the  head,  neck,  shoulders,  and  arms, 
often  accompanied  with  a  painful  sense   of  consti'iction,  precede 
muscular  atrophy.    The  wasting  may  involve  many  muscles,  but 
usually  those  supplied  by  the  radial  nerve  are  much  less  affected 
than  the  others ;  the  escape  of  the  long  extensors  of  the  wrist  and 
fingers,  while  the  flexors  of  the  wrist  and  fingers  and  the  interossei 
atrophy,  leads  to  a  peculiar  deformity  ;  the  unopposed  muscles  cause 
persistent  over-extension  of  the  wrist ;  the  phalangeal  joints  are  flexed 
and  the  metacarpo-phalangeal  joints  are  extended,  but  from  the  posi- 
tion of  the  wrist  they  are  not  over-extended,  and  the  hand  thus  differs 
from  the  claw-like  hand  (p.  30).    With  this  muscular  wasting  in  the 
arms,  there  is  paraplegic  weakness,  from  the  pressure  on  the  cord.  In 
rare  cases  the  disease  affects  the  membranes  over  the  lumbar  enlarge- 
ment or  Cauda  equina,  and  then  the  legs  are  the  seat  of  the  pains. 
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paralysis,  and  atroplij,  already  described,  and  the  sphincters  are  early 
paralysed. 

The  pachymeningitis  may  he  confined  to  the  dorsal  region.  In  such 
a  case  cutaneous  aueesthesia  over  the  whole  region  supplied  by  the 
dorsal  nerves,  was  associated  with  paraplegia  from  compression  of  the 
cord.  In  another  instance  areas  of  anaesthesia,  with  severe  pains, 
existed  over  the  legs,  trunk,  neck,  and  back  of  the  head,  without  any 
indication  of  damage  to  the  cord  itself. 

The  symptoms  of  syphilitic  meningitis  do  not  differ  from  those  just 
described  and  may  present  the  characters  of  an  affection  beginning  in 
either  the  pia  mater  or  dura  mater.  As  already  stated,  the  pain  and 
muscular  wasting  often  reach  a  high  degree  in  these  cases. 

In  hsemorrhagic  pachymeningitis  the  symptoms  are  those  of  a  slight 
chronic  meningitis,  pain  in  the  back  or  extremities,  interference  with 
movement,  weakness  of  muscles,  and  anaesthesia  of  the  skin.  It  has 
never  been  diagnosed  during  life. 

Diagnosis. — The  diseases  with  which  chronic  internal  meningitis 
is  liable  to  be  confounded,  are  different  according  as  the  symptoms  of 
irritation,  of  damage  to  the  cord,  or  of  compression  of  the  nerve- 
roots,  predominate. 

The  spinal  pain  and  stiffness  may  be  mistaken  for  simple  rachialgia 
or  "  spinal  irritation,"  but  in  this  disease  the  whole  spine  is  tender, 
several  separate  points  are  much  more  tender  than  the  rest,  and  there 
are  not  the  radiating  pains  or  paralytic  symptoms  of  meningitis. 

Peripheral  pains,  especially  about  the  trunk  and  legs  and  shoulders, 
are  prominent  symptoms  in  some  cases  of  muscular  rheumatism,  or 
rheumatic  neuralgia.  In  these,  however,  there  is  not  the  spinal  pain 
and  tenderness,  and  although  there  may  be  apparent  increased  sensi- 
tiveness in  the  region  of  the  pains,  it  is  of  the  deeper  structures  and 
not  of  the  skin. 

The  muscular  wasting  may  be  mistaken  for  atrophy  due  to  degenera- 
tion or  subacute  inflammation  of  the  anterior  cornua  of  the  cord 
(progressive  muscular  atrophy,  subacute  spinal  atrophy) .  The  cervical 
"hypertrophic"  form  of  meningitis  bears  special  resemblance  to  this 
disease,  since  the  wasting  in  the  arms  is  often  associated  with  para- 
plegic symptoms  in  the  legs.  The  distinction  is  that  the  atrophy,  in 
the  meningeal  form,  ispreceded  by  severe  pains,  and  often  accompanied 
by  areas  of  hyperaesthesia  or  anaesthesia,  and  is  random  in  distribution. 
In  chronic  affections  of  the  anterior  cornua  both  pains  and  anaesthesia 
are  usually  absent  and  the  wasting  often  affects  the  muscles  in  a  certain 
order,  which  will  be  described  in  the  account  of  the  disease.  Thus  in 
a  man  who  was  supposed  to  have  cornual  disease  on  account  of  wasting 
of  some  muscles  of  both  legs,  irregularly  distributed,  a  history  of 
severe  sharp  pains,  and  the  discovery  of  a  patch  of  anaesthesia  on  one 
leg,  and  the  presence  of  a  burning  pain  round  one  side  of  the  trunk, 
and  the  irregular  distribution  of  the  wasting,  led  to  a  diagnosis  of 
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chronic  meningitis  damaging  the  nerve-roots.  There  was  a  history  of. 
sypbiUs,  and  appropriate  tueatment  completely  removed  the  symptoms. 
Chronic  disseminated  myelitis  may  cause  muscular  wasting,  but  does' 
not  cause  the  pain  in  the  back,  or  the  rigidity  of  the  spine,  which 
occur  in  meningitis.  The  paralysis  is  usually  out  of  all  proportion 
to  the  wasting  and  anaesthesia.  It  must  be  remembered  that  the  two 
conditions  of  meningitis  and  myelitis  are  often  combined,  and  the  fact 
has  to  be  recognised  in  our  diagnosis. 

When  the  meningitis  is  lumbar,  the  pains  in  the  legs  may  resemble 
those  of  locomotor  ataxy,  but  the  absence  of  rigidity  in  tabes  and  the 
presence  of  ataxy,  distinguish  it  from  meningitis.  The  knee-jerk  may 
be  lost  in  each  disease,  but  in  meningitis  there  is  muscular  weakness 
and  wasting,  often  with  altered  electrical  reaction,  symptoms  never 
present  in  the  early  stage  of  tabes.  It  may  be  noted,  however,  that 
there  is  sometimes  a  thickening  of  the  pia  mater  over  the  posterior 
columns  when  these  are  sclerosed.  This  thickening  is  due  to  a  process 
partaking  of  the  nature  of  inflammation.  It  may  account  for  the 
vertebral  pain  occasionally  felt  in  that  disease,  but  does  not  cause 
any  other  symptom  of  meningitis.  The  greatest  resemblance  to  chronic 
meningitis  is  presented  by  some  cases  of  tabes  in  which  the  cord  disease 
reaches  a  greater  degree  in  the  dorsal  than  in  the  lumbar  region. 
There  are  then  pains  and  anaesthesia  in  the  trunk,  and  the  atrophy  in 
the  legs  may  be  little  marked.  In  meningitis,  if  the  membranes  over 
the  lumbar  enlargement  are  normal,  the  knee-jerk  is  preserved  and 
often  increased,  while  it  is  lost  in  tabes.  The  anaesthesia  is  more 
general  and  uniform  in  tabes  than  in  meningitis. 

When  chronic  meningitis  affects  the  cervical  region  it  may  be  mis- 
taken for  the  tonic  form  of  torticolHs,  but  may  readily  be  distinguished 
by  observing,  first  that  the  head  is  not  fixed  by  spasm,  since  the  muscles 
in  a  state  of  tension  are  not  those  by  which  the  posture  of  the  head 
would  be  produced,  and  secondly  that  the  fixation  is  distinctly  due  to 
the  pain  which  movement  occasions. 

Caries  of  the  spinal  bones  and  chronic  meningitis  have  many 
symptoms  in  common,  and  necessarily,  since  chronic  local  meningitis 
is  one  of  the  effects  of  the  bone  disease,  and  produces  many  of  the 
symptoms  by  which  the  latter  is  recognised.  The  diagnosis  can  only 
be  made  by  the  detection  of  the  signs  of  bone  disease  enumerated  on 
p.  170. 

PEoanrosis. — In  all  forms  and  degrees  of  chronic  meningitis,  except 
the  most  trifling,  the  prognosis  is  serious.  The  severe  degrees  of  the 
affection  are  attended  with  danger  to  life,  and  the  slighter  forms  en- 
tail serious  consequences,  since  many  effects  of  the  disease,  especially 
the  damage  to  the  spinal  cord  itself,  tend  to  increase  by  the  degene- 
rative tendency  which  is  set  up.  The  neuralgic  pains,  which  resialt 
from  the  damage  to  nerve-roots,  are  extremely  obstinate.  But  in 
many  cases  the  symptoms  pass  away  under  appropriate  treatment. 
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The  prognosis  is  most  favorable  in  the  cases  whicli  result  from  con- 
cussion of  the  spine  and  from  syphilis.  But  in  all  cases,  even  tliose  . 
of  syphilitic  origin,  in  which  there  is  reason  to  infer  considerable 
formation  of  new  tissue,  the  prognosis  must  be  cautious,  since  the 
cicatricial  contraction  of  this  tissue  may  perpetuate  the  damage  to 
-  cord  and  nerves,  which  its  pressure  has  produced.  The  prognosis  is 
better,  in  other  cases,  in  proportion  to  the  general  health  of  the 
patient,  to  the  moderate  degree  of  tbe  mischief,  and  to  the  extent  to 
which  its  causes  are  under  control. 

Treatment. — Eest  is  essential.  In  some  cases  it  should  be  absolute, 
and  in  all  cases  movements  which  increase  pain  should  be  avoided. 
The  pain  is  the  expression  of  mechanical  irritation,  which  hinders 
recovery.  The  prone  couch,  impracticable  in  acute  meningitis,  can 
often  be  employed  in  chronic  cases  with  advantage,  to  lessen  mechan- 
ical congestion  of  the  spine.  Warm  baths  and  diaphoretic  baths 
have  been  recommended.  Thev  are  most  useful  in  subacute  cases. 
Next  in  importance  to  rest  is  counter-irritation.  Repeated  sinapisms 
or  stimulating  liniments  may  be  used  if  mild  counter-irritation  only 
is  required,  but  in  most  cases  greater  good  will  result  from  more 
energetic  means,  blisters,  the  thermic  hammer,  or  the  actual  cautery. 
The  latter  is  especially  recommended  by  Joffroy  for  the  hypertrophic 
pachymeningitis. 

Sedatives  are  usually  needed  to  relieve  the  pain;  injections  of 
morphia,  chloral,  Indian  hemp,  or  sedative  liniments  of  chloroform, 
belladonna,  &c.  In  employing  sedatives  it  must  be  remembered  that 
they  will  usually  be  needed,  in  chronic  cases,  for  many  months,  and 
after  a  time,  by  the  artificial  need  they  create,  they  may  apparently 
keep  up  the  pain.  It  is  therefore  well,  after  they  have  been  used 
for  some  time,  to  change  the  sedative.  If  injections  of  morphia  have 
been  employed  for  a  considerable  time,  it  is  well  to  see  the  effect  of 
an  occasional  injection  of  plain  water. 

Iodide  of  potassium  and  mercury  are  the  agents  that  have  most 
influence  over  the  morbid  process  itself.  Both  are  effective  in  syphi- 
litic cases.  In  other  forms  of  the  disease  mercury  has  far  more 
influence  than  iodide.  In  many  cases  tonics,  iron,  quinine,  and  cod- 
liver  oil  are  needed.  The  muscular  wasting  which  results  from 
damage  to  the  nerve-roots  requires  treatment  by  galvanism,  rubbing, 
and  by  passive  movement  to  prevent  contractures.  The  treatment 
of  hsemorrhagic  pachymeningitis  is  the  same  as  that  of  the  ordinary 
form,  but  if  it  be  suspected,  injections  of  ergotine  should  be  tried. 
Treatment  appears,  however,  to  exert  little  influence  upon  it. 
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HiEMOERHAGE  INTO  THE  SPINAL  MEMBRANES; 
SPINAL  MENINGEAL  HEMORRHAGE ;  HEMATO- 
RAOHIS. 

Blood  may  be  extravasated  outside  the  dura  mater,  between  it  and 
the  bones  (extra-meningeal  hsemorrhage),  or  within  the  dura  mater 
(intra-meningeal  hsemorrhage).  In  the  latter  situation  the  blood 
may  be  in  the  subdural  space,  between  the  dura  mater  and  arachnoid 
(subdural  hsemorrhage),  or  it  may  be  beneath  the  arachnoid,  between 
it  and  the  pia  mater  (subarachnoid  hsemorrhage).  Extravasations 
outside  the  dura  mater  are  more  common  than  those  within  it. 

Causes. — Meningeal  hsemorrhage  may  occur  at  all  ages.  It  is  met 
with  in  newly-born  children,  but  in  them  is  probably  of  traumatic 
origin.  Spontaneous  hsemorrhage  is  unknown  in  early  childhood,  but 
occurs  at  all  other  ages,  and  is  more  common  in  men  than  in  women. 
No  relation  has  been  traced  between  its  occurrence,  and  the  general 
conditions  of  circulation,  increased  blood-pressure,  vascular  degene- 
ration, &c.,  which  favour  the  occurrence  of  cerebral  hsBinorrhage. 
It  is  doubtful  whether  it  is  predisposed  to  by  chronic  alcoholism. 
Of  the  immediate  causes,  injury  is  the  most  frequent,  fractures  of 
the  spinal  column,  blows  or  falls  on  the  back  which  do  not  fracture 
the  vertebrse,  and  even  falls  on  the  feet  or  buttocks.  It  is  occa- 
sionally found  after  death  from  severe  convulsions,  epilepsy,  puerperal 
eclampsia  (in  which  an  altered  state  of  the  blood  may  assist),  chorea, 
strychnine  poisoning,  and  tetanus.  In  these  cases  the  blood  may 
be  outside  or  within  the  dura  mater.  In  many  instances  no  sym- 
ptoms were  observed  during  life  which  could  be  referred  to  the 
hsemorrhage,  and  it  is  probable  that  the  extravasation  occurred  only 
during  the  last  moments  of  life.  In  some  cases,  however,  the 
muscular  spasm,  resulting  from  the  meningeal  hsemorrhage,  may 
have  been  mistaken  for  an  independent  symptom,  and  the  hsemor- 
rhage, which  was  really  the  cause  of  the  spasm,  regarded  as  its  con- 
sequence. It  has  probably  been  so  in  some  of  the  cases  of  the  so- 
called  tetanus  of  newly-born  children.  In  two-thirds  of  these  cases 
extra-meningeal  hsemorrhage  is  found,  and  in  those  in  which  the 
tetanoid  symptoms  occur  almost  immediately  after  birth,  they  are 
probably  due  to  the  extravasation.  Severe  and  prolonged  muscular 
exertion  has  been,  in  a  few  cases,  the  apparent  cause  of  spontaneous 
hsemorrhage.  It  also  occurs  in  some  diseases  in  which  there  is  a  hsemor- 
rhagic  tendency,  such  as  purpuric  states,  and  the  hsemorrhagic  forms  of 
some  acute  specific  diseases,  smallpox,  yellow  fever,  &c.,  and  very  rarely 
in  typhoid  fever,  apart  from  any  hsemorrhage  elsewhere.  In  most  of 
these  cases  its  occurrence  has  not  been  suspected  until  the  post- 
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mortem  examination  revealed  it,  and  it  probably  occurs  generally 
during  the  last  moments  of  life.  A  very  rare  cause  is  the  bursting 
of  an  aortic  aneurism  into  the  spinal  canal,  after  erosion  of  the  bodies 
of  the  vertebrse,  the  blood  being  efEused  outside  the  dura  mater. 
Hfemorrhage  within  the  dura  mater  has  resulted  from  the  rupture 
of  an  aneurism  of  a  vertebral  artery.  Blood  may  also  descend  into 
the  spinal  membranes  from  the  cranium,  in  cases  in  which  a  cerebral 
extravasation,  especially  about  the  pons,  escapes  into  the  meninges. 
Lastly,  in  cases  of  intense  meningeal  inflammation,  ecchymoses,  and 
sometimes  considerable  extravasations  have  been  found,  on  both 
sides  of  the  dura  mater  or  in  the  pia  mater.  Thus  considerable 
extra-meningeal  haemorrhage  has  been  met  with  in  cerebro- spinal 
meningitis. 

Pathological  Anatomy. — Extra-meningeal  hcemorrhage  probably 
comes  from  the  plexus  of  large  veins  which  lie  between  the  dura 
mater  and  the  bone.  It  is  usually  not  of  large  extent,  and  the  blood 
accumulates  chiefly  on  the  posterior  aspect,  where,  in  the  recum- 
bent posture,  gravitation  favours  accumulation,  and  where  the  space 
between  the  membrane  and  the  bone  is  greater  than  in  front.  Some- 
times the  extravasation  is  very  extensive,  covering  a  large  part  of  the 
dura  mater,  and  in  such  cases  it  may  extend  through  the  interver- 
tebral foramina,  along  the  nerves.  Haemorrhage  is  more  common  in 
the  cervical  region  than  elsewhere,  but  may  occur  in  any  part.  The 
blood  is  usually  coagulated,  wholly  or  partially.  The  dura  mater  is 
reddened,  and  sometimes  the  staining  extends  through  to  the  inner 
membranes.  If  the  haemorrhage  is  considerable  the  spinal  cord  may 
be  compressed,  but  the  amount  of  blood  is  not  often  sufficient  for  this. 
When  a  body  has  been  lying  on  the  back,  the  veins  outside  the  dura 
mater  become  distended  with  blood,  which  escapes  when  they  are 
divided  in  opening  the  spinal  canal.  Care  must  be  taken  to  avoid  the 
error,  on  the  one  hand,  of  regarding  the  blood  thus  escaping  as  an 
ante-mortem  extravasation,  and,  on  the  other,  of  overlooking  a 
haemorrhage  which  actually  exists.  In  all  cases  of  acute  spinal 
disease  the  body  should,  if  possible,  lie  face  downwai-ds  until  the 
examination  has  been  made.  In  rare  cases  haemorrhage  has  been 
found  within  the  substance  of  the  dura  mater. 

Intra-meningeal  haemorrhage. — An  extravasation  into  the  sac  of  the 
dura  mater  (subdural  haemorrhage)  may  be  small  in  quantity,  or  may 
fill  the  whole  cavity.  "When  small  it  may  pass  from  one  part  to 
another.  In  subarachnoid  haemorrhage  the  blood  comes  usually  from 
the  vessels  of  the  pia  mater.  It  may  surround  the  cord  for  an  inch  or 
two  or  may  fill  the  whole  subarachnoid  cavity  from  one  end  of  the 
cord  to  the  other.  Such  extensive  efEusions  are  rare,  except  when  the 
blood  descends  into  the  arachnoid  from  the  cerebral  membranes. 
Blood  effused  into  the  spinal  arachnoid  has  been  known  to  ascend  as 
high  as  the  pons  and  even  break  through  the  valve  of  Vieussens  and  get 
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into  the  cerebral  ventricles.*  When  cerebral  and  spinal  hsemorrhage 
coexist,  it  must  not  be  at  once  assumed  that  the  blood  has  passed  from 
one  to  the  other,  since  hsemorrhage  may  occur  in  each  at  the  same 
time,  as  in  one  recorded  case  of  puerperal  eclampsia.  (Charrier.) 

In  meningeal  haemorrhage,  cerebral  as  well  as  spinal,  the  spinal  fluid 
is  often  blood-stained,  and  thus  spinal  haemorrhage  may  be  thought 
to  be  more  considerable  than  it  really  is.  The  spinal  cord  is  often 
discoloured  and  compressed  and  is  especially  damaged  when  the 
haemorrhage  is  beneath  the  arachnoid.  In  extensive  extra-meningeal 
haemorrhage  the  subarachnoid  fluid  may  be  driven  away  from  the 
compressed  part,  and  may  distend  the  arachnoid  beyond  the  area  of 
compression,  the  limit  of  which  is  thus  marked.  In  cases  which  have 
lasted  more  than  a  few  days  there  are  usually  signs  of  meningitis, 
set  up  by  the  irritation  of  the  blood. 

Symptoms. — As  already  stated,  slight  meningeal  haemorrhage  is 
sometimes  found  post  mortem  in  death  from  convulsive  diseases  when 
no  symptoms  of  it  were  observed  during  life,  and  in  these  cases  it  is 
probable  that  the  extravasation  occurs  during  the  lethal  convulsion. 
In  the  cases  in  which  haemon-hage  causes  symptoms,  these  are,  for  the 
most  part,  those  of  meningeal  irritation,  and  thus  bear  some  resem- 
blance to  the  symptoms  of  meningitis.  They  differ  in  the  suddenness 
and  violence  of  their  onset,  to  which  exceptions  are  extremely  rare. 
These  symptoms  are  nearly  the  same  whether  the  haemorrhage  is 
outside  or  inside  the  dura  mater. 

The  first  indication  of  the  lesion  is  usually  sudden  and  violent  pain  in 
the  back,  corresponding  in  position  to  the  seat  of  the  haemorrhage,  but 
sometimes  felt  along  a  considerable  extent  of  the  back,  and  often  severe 
in  the  loins.  This  pain  in  the  back  is  usually  accompanied  by  pain 
along  the  course  of  the  nerves  passing  through  the  membrane  near  the 
extravasation,  darting  or  burning  pains,  often  of  great  intensity,  making 
the  patient  shriek  with  agony.  They  are  paroxysmal  in  character,  and 
between  the  pains  there  may  be  abnormal  sensations,  tingling,  &c.,  and 
hyperaesthesia,  referred  to  the  sanie  parts.  Muscular  spasm  usually 
coincides  with  the  pain  and  involves  partly  the  vertebral  muscles, 
causing  rigidity  of  the  spine  or  actual  opisthotonos,  partly  the  muscles 
supplied  by  the  nerves  in  which  the  pain  is  felt,  partly  the  muscles 
supplied  from  the  cord  below  the  seat  of  the  haemorrhage.  The  con- 
vulsive movements  are  sometimes  general.  Intense  pain  in  the  back 
and  general  convulsion  have  been  known  to  be  the  only  symptoms. 
Occasionally  there  is  persistent  contraction  of  muscles,  and  there  is 
usually  spasmodic  retention  of  urine.  These  symptoms  of  irritation 
are  no  doubt  due  in  part  to  the  irritation  of  the  membranes  (causing 
the  vertebral  pain  and  reflex  spasm),  and  partly  to  the  irritation  of  the 
nerve-roots,  motor  and  sensory.    Paralytic  symptoms  quickly  follow — 

*  As  iu  an  apparently  conclusive  case  reported  by  Leprestre,  '  Arch.  Gen.  de 
Med.,'  xxii,  p.  331. 
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weatness  and  lessened  sensitiveness  in  tlie  limbs  below  the  lesion. 
Ultimately  there  may  be  complete  loss  of  motion  and  sensation  in  the 
lower  hmbs,  but  such  absolute  paralysis  is  not  common.  Loss  of 
power  at  the  onset  of  the  symptoms  usually  indicates  simultaneous 
h£emorrhage  in  the  cord  or  the  effusion  of  a  very  large  amount  of  blood. 
It  occurs,  for  instance,  when  an  aneurism  bursts  into  the  spinal  canal. 

The  symptoms  differ  in  their  distribution  according  to  the  seat  of  the 
disease.  When  htemorrhage  is  in  the  cervical  region  (a  frequent  seat), 
the  pains  are  felt  in  the  neck  and  arms,  and  the  rigidity  may  cause 
absolute  immobility  of  the  neck,  while  dysphagia,  interference  with 
respiration,  and  dilatation  of  the  pupils  may  be  added  to  the  other 
paralytic  symptoms.  When  it  is  in  the  dorsal  region,  intense  pain 
encircles  the  chest  or  abdomen.  If  in  the  lumbar  region,  the  pain  is 
felt  in  the  legs,  and  there  are  early  paraplegic  symptoms,  with  loss  of 
reflex  action  in  the  legs,  and  paralytic  incontinence  of  urine  and  faeces. 

As  a  rule,  in  spinal  haemorrhage,  the  cerebral  functions  are  un- 
affected ;  the  unfortunate  patient  is  conscious  of  all  his  sufferings  from 
first  to  last.  Occasionally,  however,  consciousness  is  lost  for  a  short 
time,  apparently  from  shock,  and  even  delirium  or  coma  may  come  on, 
either  as  an  indirect  effect  of  the  spinal  lesion  on  the  brain,  or  in  con- 
sequence of  a  sudden  increase  in  the  intracranial  pressure,  due  to  the 
displacement  upwards  of  the  spinal  fluid  by  the  eflfusion  of  blood.  But 
in  most  cases  in  which  cerebral  symptoms  coexist  with  those  of  spinal 
haemorrhage,  the  former  have  been  due  to  simultaneous  intracranial 
disease.  So,  in  some  cases  of  spinal  haemorrhage  in  newly  bora 
children,  apoplectiform  symptoms  have  been  present  from  simultaneous 
haemorrhage  into  the  membranes  of  the  brain.  In  very  rare  cases  the 
symptoms  of  spinal  haemorrhage  have  come  on  insidiously,  without 
pain,  as  in  a  case  in  which  extensive  haemorrhage  outside  the  dura 
mater  in  the  cervical  and  upper  dorsal  region,  in  a  girl  of  fourteen, 
caused  only  very  gradual  weakness  in  the  arms,  and  difficulty  of 
breathing,  from  which  she  died  at  the  end  of  a  fortnight.* 

The  symptoms  in  acute  cases  usually  reach  their  height  in  two  or 
three  hours,  sometimes  not  for  a  few  days.  Death  may  occur  when 
the  symptoms  are  fully  developed,  or,  after  reaching  their  height,  they 
may  decline,  to  be  increased,  a  day  or  two  later,  by  secondary  menin- 
gitis. This  is  accompanied  by  some  pyrexia  and  lasts  a  week  or  ten 
days,  and  then,  in  favorable  cases,  permanent  improvement  commences. 
It  is,  however,  very  common  for  death  to  take  place  when  the  symptoms 
have  existed  a  few  hours  only.  It  may  be  due  to  exhaustion,  in  conse- 
quence of  the  violence  of  the  pain  and  spasm,  but  is  more  often  pro- 
duced by  interference  with  respiration. 

Diagnosis.— In  cases  in  which  marked  symptoms  are  produced, 
the  diagnosis  rests  on  the  combination  of  sudden  localised  pain  in  the 
back,  with  the  other  evidence  of  irritation  of  the  membranes,  nerve- 

*  R.  Jackson,  '  Liiucet/  1869,  p.  5. 
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roots,  and  cord,  above  enumerated.  When  the  bsemorrhage  is  of 
traumatic  origin,  the  fact  that  the  symptoms  rapidly  followed  an 
injury  facilitates  the  diagnosis.  In  the  extremely  rare  cases  in  which 
the  symptoms  come  on  insidiously,  without  pain,  the  diagnosis  of  the 
exact  nature  of  the  disease  is  scarcely  possible. 

In  haemorrhage  into  the  substance  of  the  cord,  vertebral  pain  is 
much  more  frequently  absent  than  in  meningeal  haemorrhage.  The 
symptoms  of  injury  to  the  cord  itself  are  prominent  from  the  com- 
mencement ;  sudden  paralysis,  it  may  be  at  first  partial,  and  rapidly 
increasing,  without  initial  pain.  In  meningeal  haemorrhage,  pain  and 
symptoms  of  irritation  usually  precede  any  considerable  paralysis.  In 
cases  which  recover,  the  paralytic  symptoms  are  more  persistent  when 
the  haemorrhage  is  into  the  substance  of  the  cord,  than  when  it  is  into 
the  meninges.  Extravasations  into  the  substance  of  the  cord  often 
break  through  into  the  membranes,  and  the  symptoms  of  both  lesions 
are  then  combined. 

Meningitis  is  distinguished  by  the  more  gradual  onset  of  the 
symptoms  and  the  presence  of  fever  from  the  first.  It  must  not  be 
forgotten  that  meningitis  may  result  from  haemorrhage.  In  myelitis 
pain  is  commonly  absent,  and  the  symptoms  of  irritation  are  far  less 
pronounced.  The  diagnosis  from  tetanus  depends  on  the  absence 
of  trismus,  and  on  the  presence  of  sevei-e  spinal  pains,  and  on  the  more 
sudden  onset.  Most  cases  of  tetanus  come  on  more  or  less  insidiously. 
It  is  chiefly  in  the  case  of  newly-born  children  that  the  diagnostic 
difiiculty  will  arise.  Tetanus  is  in  them  most  common  two  or  three 
days  after  birth  ;  the  tetanoid  symptoms  which  may  supervene  an  houi- 
or  two  after  birth  are  probably  not  true  tetanus  but  tetanoid  spasm, 
the  result  of  meningeal  haemorrhage  produced  by  injury  during  birth. 
One  case  has  been  recorded  in  which  the  symptoms  most  closely  simu- 
lated those  of  strychnine  poisoning.  Violent  paroxysms  of  muscular 
spasm,  with  intense  general  pain,  but  without  spinal  pain,  followed  by 
death  in  two  hours,  were  apparently  due  to  an  extensive  haemorrhage 
into  the  sac  of  the  dura  mater.*  Analysis  revealed  no  strychnia  in 
the  stomach.  In  such  a  case  the  diagnosis  would  have  to  be  guided  as 
much  by  circumstantial  evidence  as  by  the  symptoms. 

Pjbognosis. — In  all  severe  cases  the  prognosis  is  most  grave.  A 
large  number  of  such  cases  prove  fatal  in  a  few  hours.  If  the 
symptoms  reach  their  height,  and  cease  to  increase,  and  the  indications 
of  damage  to  the  cord  itself,  are  moderate,  the  patient  will  probably 
recover,  although  there  is  still  some  danger  until  the  period  of 
secondary  inflammation  is  over.  Paralytic  symptoms  often  persist 
for  some  time,  but  even  these,  in  the  end,  may  pass  away.  At  the 
onset,  the  prognosis  must  be  governed  by  the  rapidity  with  which  the 
symptoms  develop  and  by  the  seat  of  the  disease.  Haemorrhage  in 
the  cervical  region  is  more  serious  than  in  the  lower  parts  of  the  cord. 

*  Di.\ou,  '  Luucut/  1879,  p.  333. 
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Treatment. — The  first  point  to  secure  is  absolute  rest.  Even 
passive  movement  should  be  avoided  as  far  as  possible.    Posture  is  of 
the  first  importance.    It  should  be  on  the  face  or  side,  and  not  on  the 
back,  so  that  the  spine  may  not  be  the  lowest  part.    Venesection  has 
been  employed  in  strong  individuals,  with  the  object  of  arresting 
haemorrhage  by  rapidly  lowering  the  blood-pressure,  and  it  is  a  justifi- 
able proceeding  if  the  symptoms  are  making  rapid  progress,  and  the 
diagnosis  is  sure.    Leeches  or  wet  cupping  to  the  spine,  or  leeches  to 
the  anus,  have  also  been  recommended  in  cases  in  which  venesection  is 
unadvisable.    Ice  should  be  applied  to  the  spine  in  all  cases,  and 
ergotine  may  be  injected  under  the  skin  or  a  full  dose  of  ergot  given 
by  the  mouth.    The  bowels  should  be  freely  opened.    Sedatives  are 
usually  required  to  relieve  the  pain.    The  stage  of  meningitis  must  be 
treated  on  the  principles  laid  down  for  the  management  of  the  acute 
form  of  that  disease.    The  residual  palsy  requires  treatment  by  elec- 
tricity, &c.,  in  the  same  manner  as  the  consequences  of  meningitis. 
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ANEMIA  AND  HYPEREMIA  OF  THE  SPINAL  CORD. 

The  condition  of  the  vessels  of  the  spinal  cord  after  death,  their 
fulness  or  emptiness,  affords  no  indication  whatever  of  their  state 
during  life.    Inferences  as  to  the  ante-mortem  state,  drawn  from  the 
post-mortem  condition,  are  altogether  erroneous,  with  the  rare  exception 
of  local  change,  m  which  the  vascular  condition  of  one  part  differs  from 
the  rest.    Practically,  such  local  variation  occurs  only  in  the  local 
hyperemia  that  attends  inflammation,  and  the  anaemia  that  results 
from  pressure.    Hence  the  occurrence  o^  variations  in  the  state  of  the 
vessels  of  the  cord,  and  the  effects  that  such  variations  may  produce  are 
matters  of  mference  from  symptoms  observed  during  life,  symptoms 
tnat  are,  m  themselves,  open  to  various  interpretations.    Where  the 
ground  IS  barren  of  facts  theory  is  always  luxuriant.    Anemia  or 
congestion  of  the  cord  affords  a  ready  explanation  of  symptoms  the 
cause  of  which  is  unknown,  and  it  is  scarcely  surprising,  therefore,  that 
such  an  explanation  has  been  often  given.  Some  surprise  may,  however 
^asonably  befelt  at  the  absolute  confidence  and  precision  of  detail 
w^th  which  these  states  have  been  invoked  as  morbid  processes,  when 
the  opinions  expressed  rest  upon  not  one  tittle  of  definite  evidence. 
J^ositive  assertions  always  receive  some  credence,  however  unwarranted 
tne  asseri;,ons  may  be,  and  positions  incapable  of  proof  are  sometimes 
also  mcapable  of  disproof.    It  would  be  a  futile  and  useless  task  to 
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attempt  to  refute  in  detail  the  various  statements  that  have  been 
made  regarding  the  influence  of  ansemia  and  hypersemia  of  the  spinal 
cord.  It  will  be  sufl&cient  to  point  out  briefly  what  may  be  reasonably 
surmised  regarding  these  morbid  states. 

Anemia  of  the  Cord. 

Nothing  is  known  of  persistent  anEEUiia  of  the  cord  from  organic 
obstrnction  in  the  arteries  lessening  the  blood-supply.  Transient 
anEemia,  if  it  occurs,  must  be  due  to  arterial  spasm,  dependent  on  the 
vaso-motor  nerves.  This  has  been  assumed  as  an  explanation  of  certain 
transient  symptoms  occasionally  observed,  loss  of  power  in  the  legs,  and 
sensory  disturbance,  tingling,  "  pins  and  needles,"  &c.,  in  the  legs  and 
arms,  and  the  tetanoid  cramp  and  tingling  in  the  hands  with  which 
patients  sometimes  wake  up.  The  theory  is  tenable,  but  it  is  also  con- 
ceivable that  such  symptoms  are  due  to  transient  functional  states  of 
the  nerve-cells  of  the  cord.  A  functional  derangement  of  these  cells 
must  be  the  immediate  cause  of  the  symptoms,  whether  such  derange- 
ment is  primary  or  is  produced  by  spasm  of  the  vessels. 

In  general  ansemia,  such  as  occurs  in  chlorosis  and  pernicious  ansemia, 
the  nutrition  and  function  of  all  organs  suffer,  and  the  spinal  cord 
shares  the  general  state.  The  readiness  with  which  fatigue  of  the  legs 
is  induced  in  such  conditions  may  be  due  to  the  spinal  cord  as  well  as 
to  the  muscles.  The  legs  often  ache,  and  are  sometimes  the  seat  of 
various  disordered  sensations.  It  is  probable  that  these  are  the  result 
of  the  impaired  nutrition  of  the  nerve-elements,  in  consequence  of 
which  their  functions  are  readily  deranged.  In  some  patients  graver 
symptoms  occur,— weakness  of  the  legs,  sometimes  of  the  arms  also, 
which  may  increase  slowly  to  complete  paralysis.  Sensation  and  the 
sphincters  are  usually  unaffected.  The  nature  of  these  cases  is  uncertain. 
It  is  probable  that  many  are  cases  of  what  is  called  hysterical  para- 
plegia. Others  may  be  due  to  organic  changes  induced  by  the  ansemia. 
The  well-established  fact  that  optic  neuritis  may  result  from  chlorosis  is 
interesting  as  proof  of  the  intensity  of  changes  in  nerve- structures 
which  ansemia  may  excite.  The  cases  of  chlorotic  paraplegia  are  very 
rare,  and  need  further  study. 

In  the  ansemia  that  results  from  loss  of  blood,  besides  the  symptoms 
just  described,  paraplegia  sometimes  comes  on,  under  conditions  which 
exclude  the  idea  of  hysteria.  The  source  of  the  hsemorrhage  has  most 
frequently  been  the  stomach,  kidneys,  and  uterus.  It  is  usually  motor 
only,  but  Leyden  has  observed  accompanying  hypersesthesia  of  the 
skin.  It  comes  on  sometimes  soon  after  the  loss  of  blood,  sometimes 
only  at  the  end  of  one  or  two  weeks.  Most  cases  recover.  The  patho- 
logical process  which  causes  the  paralysis  is  not  known.  The  loss  of 
power  is  comparable  to  the  loss  of  sight  which  occurs  from  the  same 
cause  and  under  similar  conditions,  and  in  which  there  may  be  no 
visible  morbid  change,  or  inflammation  may  be  found,  sometimes 
succeeding  the  loss  of  sight,  and  therefore  to  be  regarded  as  a  result  ot 
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the  derangement  of  the  nerve-elements,  or  of  tlio  influence  to  wliicli 
this  is  due,  rather  than  tlie  cause  of  the  amaurosis. 

The  treatment  of  the  symptoms  due  to  general  anaemia  is  of  course 
essentially  the  improvement  of  the  blood-state.  That  of  other  symptoms 
mil  be  considered  in  the  account  of  functional  disturbanc'e  of  the 
spmal  cord. 

HYPEE.EMIA  OF  THE  SpiNAL  COED. 

The  conditions  of  the  return  of  venous  blood  from  the  cord  probably 
shield  It  effectually  from  the  mechanical  congestion  from  which  almost 
every  other  organ  of  the  body  suffers  when  the  movement  of  blood 
through  the  thorax  is  hindered.  The  only  mechanical  congestion  to 
which  the  cord  is  liable  is  that  which  results  from  the  influence  of 
gravitation,  and  occurs  when  a  person  is  lying  on  the  back.  The  dis- 
tension of  the  veins  outside  the  dura  mater,  and  also  of  those  of  the 
pia  mater,  which  occurs  when  the  heart  has  ceased  to  act,  and  the  blood 
IS  free  to  obey  the  only  mechanical  force  which  then  acts  upon  it 
sufficiently  proves  the  power  of  gravitation  to  congest  the  cord  But 

duimg  life  counteracted,  as  it  then  is,  by  many  other  forces.  Some 
persons  wi  h  weak  cords  (easily  fatigued,  liable  to  tingling  and  pain! 
m  the  legs)  suffer  from  aching  in  the  legs  or  spine  when^they  li  on 
theback._  Since  the  discomfort  ceases  when  the  posture  is  changed 
the  pam  is  probably  due  to  the  mechanical  congestion  of  the  corf  or 
membranes.  It  is  doubtful  whether  any  other  symptoms  can  be  with 
confidence,  assigned  to  mechanical  congestion.  Those  other  nocturnal 
disturbances  m  the  hmbs,  that  might  conceivably  be  due  to  mechani^a 
congestion,  occur  irrespective  of  posture  «onanicai 

th?luf^"  T^f  f r  knowledge  may  be  summed  up  in 

the  statement  that  it  occurs  in  the  early  stage  of  inflammation  *  We 
know  nothing  of  it  as  an  independent  condition     Neverthelp.«  vnl, 
xnight  be  filled  by  the  collected  descriptions  of  tZZ^tsZtlZ' 
ptoms  of  congestion  of  the  spinal  cord,-descriptions  in  whichTe 
imrestnctedplay  of  "scientific"  fancy  has  elaborated  a  ^^1^ 
tology  for  the  separate  congestion  of  evprv  r^.^f      +-u  ''W^^^^- 

■  ^^^^^^^ 

*  It  maybe  remarked  that  the  term  «  congestion"  l.n,  .  ^^^^ents  0± 

medical  euphemism  for  a  slio-hf  a.^.l  come  to  be  a  popular 

public  have' become  alainte^  w^lf  tl  ^-P^ed  because'the 

than  inflammation,  andrnce  tt  wo^^^^^^  as  signifying  a  less  grave  lesion 

within  lin,its.  is  less  object"  naWe  Ih  a  Z "         \  "  '''^ 

is  olten  grossly  abused  ""^""^  analogous  euphemisms,  but  it 
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the  spinal  cord.    Thus  local  dilatation  and  distension  of  vessels, 
migration  of  leucocytes  into  the  sheath  and  into  the  adjacent  tissue, 
and  even  small  extravasations,  are  found  in  some  cases  of  hydrophobia, 
of  tetanus,  and  of  strychnine  poisoning,  and  it  is  probable  that  a 
similar  congestion  attends  all  violent  physiological  activity,  violent  and 
continued  muscular   exertion,   coitus,   &c.     Coitus   several  times 
repeated  has  been  known  to  cause  hsemorrhage  within  the  cord. 
Vascular  dilatation,  with  an  increased  blood-supply,  is  the  physiological 
•  attendant  of  functional  activity  in  all  organs, -and  doubtless  also  in  the 
cord,  but  it  is  morbid  only  when  excessive.    It  is  doubtful  whether  it 
causes  symptoms  unless  it  goes  on,  as  it  probably  may,  to  actual 
inflammation. 


INFLAMMATION  OF   THE   SPINAL  CORD; 

MYELITIS. 

Inflammation  of  the  spinal  cord  is  a  common  lesion.    It  usually 
causes  a  considerable  diminution  of  consistence  of  the  cord.  Hence 
the  term   "softening   of  the   spinal  cord"  has  been  used  as  a 
svnonym  for  myelitis,  but  inaccurately,  because  inflammation  does 
not  always  cause  softening,  and  a  diminution  of  consistence  may 
occur  without  inflammation.    The  spinal  cord  differs  from  many  other 
tissues  of  the  body  in  that  its  power  of  recovering  functional  mtegrity, 
after  damage  by  "inflammation,  is  much  less  than  that  of  many  other 
organs     The  damage  produced,  and  the  symptoms  which  result  from 
that  damage,  persist  for  a  long  time,  and  are  not  unfrequently 
permanent.    Hence  the  distinction  between  acute  and  chronic  inflam- 
mation is  to  be  drawn,  not  from  the  whole  course  of  the  disease,  but 
from  the  mode  of  onset.    It  is  this  which  indicates  the  character  of 
the  morbid  process.    Acute  myelUis  is  that  form  in  which  the  sym- 
ptoms indicating  inflammation  of  the  cord  come  on  rapidly  and  reach 
a  considerable  height  in  a  short  time,  in  less  than  two  weeks. 
When  the  onset  occupies  from  two  to  six  weeks  the  inflammation  is 
regarded  as  sulacute.    When  a  still  longer  time  elapses  before  the 
symptoms  reach  a  considerable  degree  of  intensity  the  myehtis  is 
termed  chronic.    There  is,  of  course,  no  sharp  distmction  between 
these  classes.    The  subacute  and  acute  forms  may  be  conveniently 
described  together.    Other  varieties  are  based  on  the  distribution  of 
the  disease    The  grey  matter  may  be  affected  only  or  chiefly,  polio- 
myelUis  (Kussmaul,  from  ttoX.o.  grey),  a  form  that  has  distinctive 
characters  which  make  its  separate  description  desirable.    When  the 
whole  thickness  of  the  cord  is  affected  in  a  small  vertical  extent  the 
mvelitis  is  said  to  be  transverse.    This  is  one  of  the  most  common  forms. 
When  an  extensive  area  of  the  cord  is  inflamed  the  myelitis  is  said  to 
be  diffuse;  when  one  small  area  is  affected  the  inflammation  is  called 
focal    when  there  are  many  foci  in  various  parts  of  the  cord  the 
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myelitis  is  said  to  be  disseminated.  Inflammation  of  the  grey  matter, 
around  the  central  canal,  extending  into  the  intermediate  grey  substance 
and  to  a  less  extent  into  the  cornua,  has  been  termed  central  myelitis. 
It  is  said  to  be  sometimes  so  intense  that  the  grey  substance  flows  out 
on  section,  leaving  the  white  substance  intact.  From  this  the  inflam- 
mation of  the  cornua  (commonly  limited  to  the  anterior)  may  con- 
veniently be  distinguished  as  cornual  myelitis.  Both  are  forms  of 
polio-myelitis,  but  the  latter  term  has  been  somewhat  anomalously 
restricted  to  the  affection  of  the  anterior  cornu.  To  this  -it  was 
.  originally  applied,  with  the  qualification  "  anterior,"  but  the  adjective 
is  now  frequently  omitted. 

Acute  Myelitis. 

Etiology.— Little  is  known  of  the  influence  of  hereditary  pre- 
disposition,  but  myelitis  is  sometimes  met  with  in  members  of  families 
in  which  other  evidence  of  a  neuropathic  tendencv  can  be  traced 
Males  suffer  more  frequently  than  females.    Acute  myelitis  may  occur 
at  all  ages,  but  the  form  which  occurs  in  young  children  is  usually 
confined  to  the  anterior  cornua;  other  forms  of  mvelitis  are  most 
common  between  ten  and  forty  years.    Of  exciting  causes  the  most 
frequent  is  exposure  to  cold,  especially  to  wet  cold,— exposure  to  cold 
winds  when  the  body  is  heated,  lying  on  damp  grass  or  on  snow,  bathing 
in  cold  water.    This  cause  has  been  supposed  to  act  by  suppression  of 
the  functions  of  the  skin,  since  myelitis  has  been  produced  by  varnishing 
the  skm  of  animals,*  but  it  is  unlikely  that  this  is  the  sole  mechanism 
Exposure  of  the  back  to  cold  sometimes  seems  especially  effective. 
Myehtis  has  been  produced  experimentaUy  in  rabbits  by  freezing  the 
skm  of  the  back  with  ether  spray  (Eeinberg).    Over-exertion  is  another 
powerful  cause,  and  is  especially  effective  when  combined  with  insuffi- 
cient food,  and  exposure  to  cold.    Hence  soldiers  on  the  march  are 
often  attacked.    The  disease  has  been  known  to  follow  a  single  violent 
contraction  o  the  dorsal  muscles.    It  followed,  in  one  recorded  case,  a 
violent  effort  to  prevent  a  fall  on  the  ice.    It  is  possible  that  there  is  ^n 
actual  injury  to  the  cord  in  these  cases,  or  inflammation  may  be  set  up 
in  the  vertebral  column  and  may  spread  to  the  cord.    In  several  cases 

dS^  f  r  ^''^"^^  '^^'^'^  P^^^Pl^gi^  ultimately 

died  and  so  temng  of  the  cord  was  found  at  the  level  of  the  fifth  and 
sixth  cervical  vertebra.    Sexual  excesses,  and  the  sudden  suppression 

tllteTe^ire.^^  '''''  ^^^^"^^  -PP-d 

of  fllS  IT'  ^''^  ^^^^^  to  the  cord 

wlf         l^^^^^t^ons,  bruises,  and  punctured  wounds.    The  readiness 

d^ont:  ere~  ^.1^  — '  ^TI^  « 

u  eipenmentaliy.    bimple  concussion  of  the  cord  may  set 

JJmS'-  ^°>I>-»'»  '""oratory  .i.ita  exp„i. 
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up  inflaraniation,  hut  tlie  subacute  form  most  frequently  results  from 
tliis  cause,  and  often  follows  railway  accidents.  Slow  compression  is 
constantly  attended  by  inflammation  in  the  compressed  part,  as  stated 
in  tbe  account  of  compression ;  tbe  myelitis  thus  set  up  may  have  an 
independent  course,  acute  or  subacute,  and  may  not  be  proportioned  to 
the  pressure.  In  cancer  of  the  vertebral  bones,  for  instance,  very 
slight  pressure  may  cause  an  acute  inflammation  ;  there  is  j)robably 
sometimes  an  extension  of  inflammation  to  the  cord  from  the  external 
disease,  but  such  extension  is  not  necessary  for  the  occurrence  of  the 
myelitis  ;  the  inner  surface  of  the  dura  mater  is  often  normal.  Acute 
myelitis  also  results  from  internal  meningitis,  in  which  some  degree 
of  invasion  of  the  cord  is  almost  invariable. 

Inflammation  of  the  cord  occasionally  comes  on  in  the  course  of,  or 
after,  some  acute  diseases,  typhus,  typhoid,  and  especially  variola, 
acute  rheumatism,  and  severe  puerperal  diseases.  Whether  sypbilis  is 
a  cause  of  acute  myelitis  is  a  question  on  which  opinions  dift'er.  It 
certainly  may  cause  a  subacute  form.  Attacks  of  acute  myelitis  are 
not  uncommon  in  syphilitic  subjects.  It  seems  on  the  whole  probable 
that  there  is  a  causal  relation  between  the  two,  although  the  nature  of 
that  relation,  whether,  for  instance,  it  is  by  disease  of  the  vessels,  is  not 
known.  Subacute  myelitis  may  result  from  chronic  alcoholism,  but  it 
is  doubtful  whether  acute  myelitis  is  produced  by  this  cause. 

Irritation  and  inflammation  of  peripheral  organs,  as  the  uterus, 
bladder,  kidneys,  intestine,  &c.,  has  been  supposed  to  be  an  occasional 
cause,  but  this  influence  is  exceedingly  doubtful  except  in  the  rare 
cases  in  which  inflammation  of  a  nerve  ascends  to  the  cord.  In  a  con- 
siderable number  of  cases  we  are  able  to  discover  no  cause  to  which 
myelitis  can  be  ascribed. 

Pathological  Anatomy. — In  recent,  acute  inflammation  of  the 
cord,  the  pia  mater,  at  the  affected  part,  is  usually  red  and  vascular, 
and  the  cord  itself  may  be  slightly  swollen.  Its  tissue  is  reddened  and 
often  marbled  from  distended  vessels,  and  the  distinction  between 
white  and  grey  matter  is  indistinct  and  lost. 

The  diminution  of  consistence  which  occurs  in  acute  inflammation 
may  be  so  great  that  the  affected  part  is  diflluent,  hke  cream,  and 
flows  out  when  the  pia  mater  is  divided.  It  does  not  follow  that  the 
consistence  is  lessened  to  this  degree  during  life ;  post-mortem  soften- 
ing occurs  more  readily  at  an  inflamed  part.  When  the  vascular 
disturbance  and  extravasation  are  considerable,  the  condition  is  termed 
"  red  softening:  "  so  much  blood  may  be  effused  into  the  tissue  that 
the  part  looks  as  if  there  had  been  a  primary  haemorrhage.  This  form 
is  termed  "  hsemorrhagic  myelitis."  If  the  inflammation  has  existed 
for  some  time,  the  effused  blood  is  altered  in  tint  and  the  colour  of  the 
softened  part  may  be  rather  chocolate  than  red.  After  a  longer 
time  the  changes  in  the  blood-pigment  cause  the  colour  to  be  lighter, 
"  yellow  softening."    Ultimately  the  blood-pigment  is  removed  and  the 
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softening  becomes  "white."  The  period  at  which  these  changes  of 
colour  are  found  varies  according  to  the  amount  of  extravasation  at 
the  onset.  This  is  sometimes  very  slight,  so  that  the  softened  part 
may  be  white  from  the  first.  At  a  later  period  the  white,  opaque 
aspect  is  changed  to  a  grey  .translucent  appearance,  from  the  absorption 
of  the  fatty  products  of  degeneration,  and  an  increase  in  the  connec- 
tive tissue.  If  the  myelitis  is  very  limited  in  extent,  cavities  may  be 
formed  within  the  cord.  When  the  destruction  of  tissue  is  trifling,  the 
diminution  in  consistence  may  be  very  slight. 

The  microscopical  appearances  in  myelitis  vary  much  according  to 
the  duration  and  form  of  the  inflammation,  and  also  according  to  the 
method  of  preparation  adopted.    Observations  during  the  early  stage 
are  scanty,  since  few  patients  die  during  the  first  fortnight.  More- 
over, the  softened  tissue  does  not  harden,  so  that  the  most  diseased 
part  cannot  be  examined  by  the  most  instructive  method.    In  the 
fresh  state  the  most  conspicuous  objects  are  the  products  of  degener- 
ation of  the  fibres,  granules  and  masses  of  myelin,  and  granule  cor- 
puscles, with,  in  older  cases,  the 
peculiar  bodies  termed  "  corpora 
amylacea"  (Fig.  84<,d).  With 
these  are  numerous  red  blood- 
discs,  leucocyte-like  corpuscles, 
and,  after  the  first  week,  dis- 
tinct cells,  round,  oval,  spindle- 
shaped,  or  angular,  with  nuclei 
which  resemble  leucocytes  in 
size,  and  are  readily  mistaken 
for  them.    Fragments  of  axis- 
cylinders  may    also  be  seen, 
granular  in  aspect,  and  with  ir- 
regular swellings  (Fig.  84,  a). 
After  hardening,  the  appear- 
ances vary  according  to  the  in- 
tensity of  the  inflammation.  The 
changes  in  the  acute  and  sub- 
acute forms  are  very  similar, 
probably  because,  in  the  parts 
that  can  be  thus  examined,  the 
acute  inflammation  is  less  intense 
than  in  the  softened  parts,  and 
because  acute  cases  usually  come 
under  pathological  observation 
when  the  acute  stage  is  over. 
The  products  of  degeneration 

are  best  seen  in  the  fresh  state  or  in  sections  mounted  in  glycerine 
(Figs.  84  and  99).  The  fragments  and  globules  of  myeL  in  plrt 
occupy  the  position  of  the  nerve-fibres  from  which  they  have  comf 


An 


irregularly 
Section  of 


Fig.  84.-Myelitis.  a, 
swollen  axis-cylinder, 
nerve-fibre  with  swollen  axis-cylinder 
c.  Section  of  white  substance,  with 
granule-masses  and  atrophied  nerve- 
fibres,    d,  Corpora  amylacea. 
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in  part  are  aggregated  into  masses.  In  sections  rendered  trans- 
parent in  the  ordinary  way,  the  most  conspicuous  alteration  is  the 
dilatation  of  vessels,  which  is  often  very  great.  In  the  white  sub- 
stance it  is  chieEy  the  larger  vessels  that  are  enlarged,  hut  the  grey 
substance  may  be  crammed  with  dilated  vessels  (Figs.  86,  86,  a). 
The  nuclei  of  the  capillaries  are  enlarged.  The  walls  of  the  smaller 
arteries  are  encrusted  with  leucocytes  in  the  early  stage,  and,  later 
on,  in  both  white  and  grey  substance,  are  much  thickened  by  cells, 
the  nuclei  of  which  are  often  elongated  and  more  or  less  concen- 


PiG  85.— Subacute  myelitis,  lumbar  region ;  both  white  and  grey  sub- 
stance uniformly  afifected.  In  the  latter  the  numerous  distended  vessels 
appear  as  lines;  here  and  there  a  larger  one  is  visible. 


Vja  8fi— Portions  of  the  section  shown  in  the  last  figure,  more  highly  magnified- 
^  llrom  the  kf  ant.  cornu;  distended  capillaries  with  numerous  larger 
vessels  with  slight  distension  of  perivascular  sheaths  ;  numerous  round  and  stellate 
rZ  ^InSion  cells,  swollen,  with  shrivelled  processes.  C,  from  front  of  post 
rSmn  scattered  nerve-fibrU  separated  by  amorphous  material  in  which  smaU 
^^Wan  be  seen  round  and  irregular,  some  distinct,  others  indistinct,  vessels 
•\u  T  iTn^r  walls  B  from  near  the  posterior  surface,  shows  similar  changes 
CLTZfo;^:,Jsf:ZJi^^  ne^L^es  have  perished.  (From  sections 
prepared  by  Dr.  Money.) 
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trie  to  the  lumen  of  their  vessel  (Fig.  89) ,    Outside  this  thickened 
wall  the  perivascular  sheath  is  enormously  distended,  at  first  by  leuco- 
cytes, among  which,  afterwards,  other  cells  are  mingled,  round,  fusiform, 
angular,  with  leucocyte-like  nuclei  (Fig.  89).   In  transverse  section  the 
distended  sheath  may  look,  at  first  sight,  like  an  enormously  thickened 
wall.    Eed  blood- corpuscles  distend  the  vessels  and  are  seen  also  in  the 
adjacent  tissue,  sometimes  uniformly  scattered  through  it  (Fig.  89), 
sometimes  aggregated  in  small  extravasations.    The  grey  substance  is 
densely  set  with  round  corpuscles,  staining  deeply,  many  of  which  are 
the  nuclei  of  small,  fusiform,  or  angular  cells  (Figs.  86,  a  ;  88,  b),  while 
the  intervening  substance  is  much  more  granular  than  in  health.  The 
nerve-cells  are  much  swollen  and  granular,  often  contain  distinct 
globules,  strongly  refracting,  and  probably  fatty.    The  cell-processes 
appear  shrivelled  or  lost  (Fig.  86,  a).    In  slight  cases  the  margins  of 
the  cells  may  be  less  sharply  defined  than  in  health,  and  the  bodies  then 
may  contain  large  vacuoles,  sometimes  wholly  within  the  cells,  some- 
times partly  within  and  partly  outside  them  in  an  adjacent  albuminous- 
looking  substance.* 

In  the  white  substance  cleared  sections  show  a  great  increase  and 
alteration  in  the  interstitial  tissue.    The  change  may  be  uniformly 
distributed,  or  greatest  in  the  neighbourhood  of  the  vessels  (Fig.  89, 
c).    The  increase  is  due  in  part  to  an  amorphous  material,  contain- 
ing nuclei  here  and  there,  some  of  which  belong  to  cells  such  as 
have  been  described  in  the  grey  substance ;  and  these  may  constitute 
extensive  tracts  between  the  spaces  where  nerve-fibres  once  existed 
(Fig.  89).    In  older  cases  the  tissue  may  have  a  fibrous  aspect  in 
places.    The  large  cells,  with  many  processes,  called  "spider  cells" 
or  "  cells  of  Deiters,"  are  often 
conspicuous  objects  (Fig.  87). 
The  processes  extend  between 
the  nerve-fibres.    We  have 
seen  (p.  107)  that  their  exist- 
ence in  the  normal  cord  has 
been  doubted,  but  in  the  in- 
flamed cord,  in  which  they 
are  enlarged,  their  presence  is 
unmistakeable.    The  changes 
in  the  nerve-fibres  vary  much. 
They  always  suffer  destruc- 
tive changes,  but  the  pro- 
ducts of  their  degeneration, 
above  described,  are  scarcely 
to  be  seen  in  cleared  speci- 


Fig.  87. — Subacute  disseminated  myelitis; 
part  of  the  posterior  column.  Nerve-fibres 
separated  by  granular  material  and  products 
of_  degeneration,  and  by  numerous  large 
spider  cells.  The  myelitis  in  this  case  was 
attended  by  optic  neuritis.  (From  a  sec- 
tion lent  by  Dr.  Dreschfeld.) 


*  The  significance  of  this  vacuolation  has  been  much  discussed.  It  is  probable 
that  the  vacuoles  form  after  death,  perhaps  during  the  process  of  hardening,  but 
that  they  do  not  form  unless  the  cells  have  been  altered  by  disease.  They  have 
thus  some  pathological  significance. 
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mens.  The  slightest  change  in  the  myelin  appears  to  consist  in  an 
alteration  in  its  chemical  nature,  in  consequence  of  which  it  stains  more 
readily  than  in  health.  Fibres  are  thus  changed  adjacent  to  spots  of 
increase  in  the  interstitial  tissue,  and  they  contrast  with  the  unstained 


FlQ.  88. — Acute  transverse  myelitis,  fatal  in  three  weeks.  Carmine 
preparations.  A,  Section  through  most  diseased  part,  at  first  lumbar 
segment.  Foci  of'inflammation  scattered  through  the  whole  area  of  this 
cord,  most  abundant  in  the  posterior  columns  (the  apparent  enlargement 
of  which  is  probably  due  to  the  direction  of  the  section).  Dilatation  of 
the  central  canal.  B,  From  the  anterior  ■  cornu  at  A,  h,  a  distended 
vessel ;  the  tissue  crammed  with  lymphoid  and  other  cells,  among  which 
run  normal  nerve-fibres.  C,  From  the  posterior  column,  A,  c.  The  areas 
staining  deeply  are  seen  to  consist  of  thickened  trabeculfB,  lymphoid  cells, 
amorphous  tissue,  and  also  of  nerve-fibres,  the  white  substance  of  which 
stains  with  carmine  while  that  of  the  neighbouring  healthy  fibres  does 
not.* 

healthy  fibres  in  the  vicinity  (Fig.  88,  c) .  With  or  without  this  change 
in  the  myelin  there  is  an  irregular  swelling  of  the  axis-cylinders,  such 
as  is  seen  on  examination  in  the  fresh  state.    If  the  fibres  are  divided 

*  I  am  indebted  to  Dr.  Dreschfeld  for  the  section  from  which  these  drawings  are 
made.  The  patient  was  a  girl  aged  twenty-three ;  paralysis,  motor  and  sensory, 
was  complete  at  the  end  of  two  days  ;  the  application  by  her  mother  of  hot  bottles 
to  the  feet  caused  such  extensive  sloughing  ulcers  that  amputation  of  one  leg  was 
deemed  necessary  three  weeks  after  the  onset,  and  the  patient  died  the  next  day. 
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transversely  at  .the  places  where  the  axis-cylinder  is  swollen  this  appears 
much  larger  than  normal  (Fig.  84,  b) .    Examples  of  this  will  be  found 
•  in  most  of  the  figures.    These  intense  degenerative  changes  cause  the 
breaking  up  of  the  myelin  and  may  involve  the  destruction  of  the  fibre, 
the  space  occupied  by  it  being  left  empty.    In  other  cases,  however, 
the  axis-cylinder  persists  and  remains  surrounded  by  a  narrow  zone  of 
myehn.    Often  a  large  number  of  such  shrunken  fibres  may  be  found 
in  a  part  which  at  first  sight  appeared  devoid  of  fibres.    This  shrinking 
of  the  fibres  occurs  not  only  as  a  result  of  pressure  on  them  by  the 
connective-tissue  elements,  but  also  where  there  is  little  interstitial 
change  and  no  compression.    The  relative  amount  of  change  in  the 
nerve-fibres  and  interstitial  .tissue  respectively  varies  very  much.  In 
some  cases  the  interstitial  increase  of  tissue  seems  the  primary  change 
and  the  fibres  are  altered  secondarily,  changing,  shrinking,  and 
vanishing  as  they  are  surrounded  and  enclosed  by  the  new  tissue. 
^  In  other  cases,  or  even  other  parts  of  the  same  section,  there  is  but 
little  increase  in  the  neuroglia  although  the  fibres  have  sufPered  ex- 
tensively ;  empty  spaces  are  limited  by  septa  but  little  thicker  than 
normal,  although  with  more  nuclei  and  often  with  numerous  granules, 
the  nature  of  which  is  uncertain.    Occasionally  there  is  a  more  diffuse 
change  in  the  white  substance  ;  the  neuroglial  tissue  is  increased  by 
small  cells  and  amorphous  material  in  such  a  manner  that  all  appear- 
ance of  septa  and  spaces  is  lost ;  a  few  nerve-fibres  are  included  in  it, 
and  the  spider  cells  are  very  conspicuous  objects,  their  processes  alone 
suggesting  the  septa  that  exist  in  the  normal  condition  (Fig.  87). 

The  distribution  of  these  changes  is  very  variable.    The  whole 
thickness  of  the  cord  is  uniformly  affected  in  pressure-myelitis  (see 
"Compression  of  the  Spinal  Cord").     In  transverse  myelitis  the 
alteration  is  rarely  uniformly  distributed  through  a  single  section, 
and  each  part  may  present  variations  in  the  damage  in  a  series  of 
sections  taken  near  together  (see  Fig.  89).    In  meningo-myelitis  the 
periphery  of  the  cord  is  always  most  affected,  and  in  old  cases  the 
thickened  pia  mater  may  send  tracts  of  dense  tissue  into  the  interior 
of  the  cord,  from  which  branching  processes  of  tissue  may  pass  on  all 
sides.    An  illustration  of  this  is  given  in  the  section  on  chronic 
myelitis.    A  similar  extension  is  often  conspicuous  in  cases  in  which 
there  is  no  special  inflammation  of  the  membranes,  and  the  interstitial 
changes  often  extend  from  the  septa  that  normally  pass  into  the  cord 
and  from  the  walls  of  the  vessels,  the  course  of  which  may  thus  be 
marked  out  when  the  vessels  cannot  be  seen.     Hence  the  white 
columns  may  be  broken  up  by  lines  of  tissue  passing  from  the  surface 
of  the  cord  towards  the  grey  substance.    In  disseminated  myelitis 
toci  of  mflammation  may  be  scattered  through  a  wide  extent  of  the 
spmal  cord  and  may  appear  on  the  surface  as  reddish-grey  areas,  closely 
resembling  those  of  disseminated  sclerosis,  but  less  sharply  limited 
This  form  is  usually  subacute  and  is  that  which  is  often  due  to  sypliilis 
The  nerve-roots  coming  from  a  much  inflamed  part  are  usually 
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damaged,  and  may  present  histological  changes  similar  to  those 
within  the  cord,  distension  of  vessels,  increase  of  nuclei  and  of  con- 
nective tissue  about  the  vessels,  breaking  up  of  the  myelin,  swelling  of 
the  axis-cylinders.  Degenerative  and  neuritic  changes  may  descend  the 
motor  nerves,  althoiTgh  rarely  to  the  same  degree  as  in  polio-myelitis. 

From  the  foci  of  inflammation,  ascending  and  descending  degenera- 
tions pass  along  the  tracts  of  long  fibres  that  have  been  already 
described,  downwards  in  the  pyramidal  tracts,  upwards  in  the  poste- 
rior median  columns,  the  direct  cerebellar  tracts,  and  the  antero- 
lateral ascending  tract.  In  cases  of  transverse  myelitis  inflammation 
sometimes  ascends  the  cord  for  a  short  distance  chiefly  in  certain 
tracts.  It  may,  for  instance,  pass  up  the  pyramidal  tracts,  so  that,  an 
inch  or  two  above  the  upper  limit  of  the  general  inflammatory 
changes,  an  ascending  inflammation  of  the  pyramidal  tracts  may  be 
combined  with  an  ascending  degeneration  of  the  tracts  that  always 
suffer  secondary  ascending  degeneration. 

If  the  patient  survives,  the  new  interstitial  tissue  slowly  undergoes 
fibroid  changes  and  contracts,  although  for  a  long  time  cell-forms  may 
be  distinguished  in  it.  We  know  very  little  of  the  nature  of  the  pro- 
cess that  occurs  in  the  cases  which  slowly  recover.  The  fact  that  a 
long  period  of  total  palsy  may  be  succeeded  by  the  slow  return  of 
considerable  power  shows  that  greatly  damaged  fibres  may  regain 
functional  capacity.  It  is  easy  to  conceive  that  the  fibres  which  are 
only  so  far  changed,  that  the  axis-cylinders  are  swollen  and  the 
myelin  stains  readily,  may  speedily  recover.  The  fibres  that  are 
shrunken,  and  in  which  a  very  narrow  layer  of  myelin  surrounds  an 
axis-cylinder,  may  also  regain  the  power  of  conducting.  But  we  must 
presume  that  in  these  fibres  there  is  no  interruption  of  the  axis- 
cylinders.  An  absolute  motor  palsy  of  twelve  months'  duration  must, 
it  would  seem  by  all  analogy,  involve  an  absolute  interruption  of  the 
fibres.  But  in  such  a  case  some  return  of  power  ma,y  occur.  Is  this 
effected  by  a  growth  of  new  fibres  such  as  occurs  in  nerves  ?  In  the 
lower  animals  such  a  growth  of  fibres  has  been  proved  to  occur ;  in 
man  it  has  not  yet  been  demonstrated.  But  it  is  difficult  to  conceive 
any  other  explanation  of  the  clinical  facts.  The  very  interesting  appear- 

Fia.  89.— Acute  transverse  myelitis;  from  a  case  fatal  in  a  month.  A,  B,  C, 
Neighbouring  sections  from  the  inflamed  part,  in  the  mid-dorsal  region,  to  show 
the  varying  distribution  of  the  inflammation.  (Stained  with  aniline  blue  black.) 
Distended  vessels  are  all  surrounded  by  thick  zones  of  clear  tissue,  in  places 
divided  obliquely,  while  outside  this,  ramifying  tracts  of  darker  tissue  extend  into 
the  white  substance.  In  D,  from  the  front  of  the  posterior  column,  the  changes 
are  shown,  more  highly  magnified.  The  zone  around  the  vessels  is  seen  to  consist 
of  the  perivascular  sheath  distended  by  cellular  elements,  round,  oval,  fusiform, 
angular.  The  white  substance  is  crammed  with  similar  cells  and  hardly  any 
trace  of  nerve-fibres  or  of  normal  structure  can  be  perceived.  In  E,  from  a  less 
attecx^d  part  of  the  lateral  column,  stained  with  carmine,  the  alveoli  remain, 
although  the  tissue  between  them  is  thickened,  and  in  many  places  studded  with 
retracting  granules  and  larger  nuclei.  In  many  spaces  nerve-fibres  are  seen 
much  smaller  than  normal  in  consequence  of  the  wasting  of  the  white  substance 
J<  represents  a  similar  condition,  with  fewer  nerve-fibres,  and  extensive  infiltration 
ot  the  alveoli  with  blood-corpuscles.  (From  sections  prepared  by  Dr.  Money.  For 
the  specimen  I  am  indebted  to  Dr.  Hadden.)  j  ^ 
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ances  presented  bj  the  section  of  a  cord  shown  in  Figs.  90  b  and  91 
suggests  strongly  a  process  of  regeneration.  The  cord  was  crushed  in 
the  mid-dorsal  region  by  a  fracture  of  the  spine,  and  motor  and  sen- 


Fig.  90. — Ascending  myelitis  from  fracture  of  spine  completely  destroying  the  cord 
in  the  mid-dorsal  region.  A,  from  the  seventh  cervical,  presents  only  the  ascending 
degenerations  in  post.  med.  col.,  direct  cerebel.  tract,  and  ant.-lat.  ascending  tract. 
B,  from  the  eighth  cervical,  presents  also  numerous  tracts  of  finely  granular  aspect 
under  a  low  magnifying  power,  the  structure  of  which  is  shown  in  Fig.  91. 


Fig.  91. — From  the  outer  part  of  the  front  of  the  lateral  column  in  B,  Fig.  90.  a  is 
the  antero-lateral  ascending  tract,  the  fibres  completely  degenerated,  except  a  few, 
probably  of  other  nature  and  belonging  to  b,  a  narrow  zone,  nearly  healthy,  of  the 

.  antero-lateral  ground  fibres,  c  represents  the  outer  part  of  one  of  the  finely  granular 
tracts.  Under  the  higher  magnifying  power  these  tracts  are  seen  to  consist  of  very 
minute  nerve-fibres  with  a  granular  material  between  them  in  which  few  celj^-forins 
can  be  distinguished.  Adjacent  to  these  tracts  there  has  apparently  been  extensive 
destruction  of  the  fibres,  large  spaces  being  occupied  by  products  of  degeneration 
and  appearing  empty  in  the  cleared  section. 
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sory  paralysis  remained  absolute,  up  to  the  level  of  the  lesion,  till  the 
patient's  death,  six  months  later.  At  the  seventh  -cervical  the  cord 
presents  only  the  usned  ascending  degenerations,  but  at  the  eighth 
cervical,  opaque  tracts  extend  through  the  grey  matter.  Adjacent  to 
these  there  is  everywhere  an  extensive  destruction  of  nerve-fibres. 
The  tracts  contain  a  large  number  of  very  minute  nerve-fibres,  each 
consisting  of  a  fine  axis-cylinder  surrounded  by  myelin.  The  fibres 
are  smaller  than  any  met  with  in  the  normal  cord.  The  appearance 
is  as  if  there  had  been  an  ascending  myelitis,  chiefly  parenchymatous, 
which  had  extended  up  the  cord  as  high  as  between  the  seventh  and 
eighth  cervical  segments,  and  from  the  lower  extremity  of  the  normal 
fibres  there  had  occurred  a  growth  of  new  fibres  such  as  effects  the 
regeneration  of  nerves.* 

Symptoms.— The  symptoms  of  myelitis  Vary  much  according  to  its 
degree  and  form.  The  most  common  variety,  which  may  be  regarded 
as  the  typical  form,  is  acute  transverse  myelitis,  and  to  this  especially 
the  following  description  appliesV'  The  conspicuous  symptoms  are 
those  which  depend  on  the  interference  with  the  functions  of  the  cord, 
and  these,  in  most  cases,  are  also  the  first  indications  of  the  disease.' 
They  are  sometimes  preceded,  and  more  often  accompanied,  by  general 
symptoms,  such  as  attend  inflammation  of  other  internal  organs,— 
malaise,  shivering,  headache,  depression,  loss  of  appetite,  pyrexia,'— 
symptoms  which  may  attend  any  form  of  acute  myelitis,  or  may 'be 
altogether  absent.  Their  occasional  absence  is  probably  explained  by 
the  fact  that  very  severe  nervous  symptoms  may  result  from  an  inflam- 
mation which  involves  a  very  trifling  extent  of  tissue. 

The  spinal  symptoms,  if  not  prominent  at  first,  quickly  become  so. 
The  most  obtrusive  is  the  motor  weakness,  but  this  may  be  preceded, 
for  a  few  hours  or  days,  by  sensory  symptoms  in  the  limbs— 
"numbness,"  tingling,  formication,  or  burning.  Occasionally  there 
are  rheumatoid  pains  at  the  onset,  especially  inmyehtis  of  the  anterior 
cornua.  Pam  may  be  felt  in  the  back,  as  well  as  in  the  limbs,  but  the 
vertebral  pam  is  not  increased  by  movement,  and  soon  ceases  Occa-  ^ 
sionally  spasmodic  twitchings  in  the  limbs  or  painful  cramps  attend 
the  onset.  In  rare  cases,  there  is  a  general  convulsion.  This  is  most 
frequent  m  children,  and  then  may  be  sometimes  the  expression  of  the 
general  disturbance  of  the  system.  But  convulsion  occasionally  attends 
the  onset  of  acute  myelitis  in  adults,  even  when  there  is  no  cerebral 
comphcation.  Three  instances  of  this  have  come  under  my  own 
observation.  '' 

The  motor  paralysis  usually  comes  on  rapidly,  and  reaches  a  consider- 
able  degree  m  the  course  of  a  few  hours.  A  patient  after  such  sensa- 
tions as  have  been  described,  or  without  any  warning,  finds  that  his 
legs  feel  heavy  ;  after  walking  for  a  few  hours  he  is  obliged  to  sit  down 

been*  !nM^T  M         ^  '"l  '°  ^'-^  P^^'-^-    Unfortunately  I  have 

been  unable  to  obtain  any  other  sections  of  this  part  of  the  cord. 
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and  rest.  When  lie  tries  to  walk  again  his  legs  feel  "  as  if  made  of 
lead."  He  lies  down  for  an  hour,  and  then  finds  that  he  cannot  stand, 
and  in  a  few  hours  more  is  unable  to  raise  his  legs  in  bed,  although 
perhaps  he  can  still  move  the  toes ;  next  day,  even  this  power  is  lost. 
Occasionally  the  mode  of  onset  is  still  more  rapid,  and  occupies  only 
a  few  minutes.  The  legs  are  found  suddenly  to  be  heavy  and  tingling, 
the  sufferer  sits  down  on  a  chair  for  a  quarter  of  an  hour,  and  then 
finds  that  he  cannot  stand.  Such  rapid  onset  resembles  that  of  spinal 
haemorrhage,  and  it  is  probable  that  in  most  of  these  cases  there  is 
haemorrhage  in  addition  to  inflammation,  "  hsemorrhagic  myelitis." 
Such  cases  are,  however,  sufB.ciently  rare  not  to  interfere  with  the 
diagnostic  rule  that  a  sudden  onset  means  a  vascular  lesion,  and  that 
the  characteristic  onset  of  myelitis  is  rapid  but  not  sudden.  Now  and 
then  the  onset  is  in  the  night,  during  sleep  ;  a  patient  goes  to  bed  well, 
and  wakes  up  in  the  morning  with  complete  paraplegia.  On  the  other 
hand  the  onset  of  the  paralysis  may  occupy  several  days,  or  even  a 
week.  When  longer  than  this,  from  ten  to  forty  days,  the  myelitis  is 
to  be  regarded  as  subacute.  Occasionally  the  onset  is  by  a  series  of 
sudden  attacks  of  weakness  at  intervals  of  a  few  hours  or  days,  or  even 
weeks.  In  the  latter  case  there  may  be  some  recovery  from  one  attack 
before  the  next  comes  on.  In  other  instances,  there  is  gradual  partial 
loss  of  power  for  a  few  days,  and  then  complete  paralysis  comes  on 
rapidly. 

When  the  paralysis  has  reached  its  height,  and  has  ceased  to  increase, 
it  is  usually  complete ;  sometimes  it  is  incomplete,  the  limbs  can  be 
moved,  but  with  little  power,  or  the  patient  may  be  able  to  contract 
certain  muscles  but  not  to  move  the  parts  to  which  they  are  attached, 
perhaps  only  to  move  the  toes.  The  distribution  of  the  paralysis 
depends  on  the  position  and  extent  of  the  disease.  In  the  majority  of 
cases  the  legs  and  lower  part  of  the  trunk  only  are  affected,  because 
the  dorsal  region  of  the  cordis  the  most  frequent  seat  of  myelitis.  If 
it  is  incomplete  in  the  legs,  the  flexor  muscles  usually  suffer  more  than 
the  extensors.  When  the  disease  is  in  the  cervical  region  the  arms  as 
well  as  the  legs  are  involved,  and  the  arms  are  sometimes  paralysed 
before  the  legs,  probably  because  the  disease,  in  these  cases,  begins  in 
the  grey  matter,  and  affects  the  pyramidial  tracts  secondarily  (Hallo- 
peau).  The  range  of  motor  symptoms,  when  the  disease  is  at  different 
heights,  are  indicated  in  the  table  of  functions  given  at  p.  142. 

Sensation  is  frequently  impaired  as  well  as  motion.  In  all  cases, 
except  those  of  trifling  degree,  it  is  affected  at  the  onset.  It  may  be 
absolutely  lost  up  to  the  level  of  the  lesion.  In  sHghter  cases  the  loss 
may  be  partial,  and  only  certain  forms  of  sensation  may  be  impaired. 
Occasionally  there  is  hyperaesthesia  in  the  limbs  at  the  onset.  At  the 
level  of  the  lesion,  there  is  usually  a  zone  of  hyperaesthesia,  corre- 
sponding to  the  distribution  of  the  nerves  that  pass  through  the  upper 
part  of  the  affected  region,  i.  e.  through  the  lowest,  merely  irritated, 
portion  of  the  cord  above  the  disease.    The  hyperaesthesia  may  readily 
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be  detected  by  passing  a  hot  sponge,  down  the  spine;  the  sense  of 
■warmth  changes,  at  the  hjperoesthetic  zone,  into  one  of  pain.  Corre- 
sponding to  this  zone  of  hyperaesthesia  there  is  often  a  sense  of  painful 
constriction,  a  "  girdle  pain,"  which  may  persist  for  a  long  time,  even 
after  the  loss  of  sensibility  below  the  lesion  has  passed  away.  Its 
position  varies  with  the  position  of  the  disease.  It  is  most  commonly 
felt  between  the  umbilicus  and  ensiform  cartilage,  sometimes  around 
the  lower  part  of  the  abdomen,  about  the  anus,  or  in  the  legs.  It  is 
of  much  practical  importance  because  it  is  evidence  of  the  existence  of 
organic  disease  and  also  of  the  upper  limit  of  the  lesion.  It  is  some- 
times a  very  early  symptom.  Any  initial  pain  in  the  limbs  usually 
ceases  when  sensation  becomes  abolished. 

The  state  of  reflex  action  varies,  and  depends  on  the  position  of  the 
disease,  in  accordance  with  the  laws  already  stated.    An  acute  lesion 
m  any  part  of  the  cord  may  cause  an  initial,  inhibitory,  loSs  of  reflex 
action  in  the  parts  below,  but  if  the  lesion  is  above  tbe  lumbar 
enlargement,  reflex  action  returns  in  tbe  course  of  a  few  hours.  Fre- 
quently there  is  no  initial  depression.    Subsequently  the  reflex  action 
becomes  excessive,  that  from  the  skin  rapidly,  that  from  the  muscles 
more  slowly.    Ultimately  each  attains  a  high  degree  of  exaltation. 
If  the  disease  involves  the  lumbar  enlargement  all  forms  of  reflex  action 
are  lost.    When  in  the  cervical  region,  it  may  be  lost  in  the  arms, 
excessive  in  the  legs.    In  dorsal  myelitis  the  trunk-reflexes  are  often 
impaired,  and  may  give  important  information  as  to  the  seat  of  the 
disease. 

The  muscles  of  the  legs  are  sometimes  at  first  flabby  and  toneless 
dunng  the  stage  of  initial  depression  of  reflex  action,  doubtless  from 
the  same  influence.  This  condition  soon  passes  off",  if  the  lesion  is 
above  the  lumbar  enlargement,  and  as  reflex  action  becomes  active, 
the  muscles  regain  their  tone.  If,  however,  the  myelitis  involves  the 
lumbar  enlargement  in  considerable  degree,  the  muscles  of  the  legs 


Fig.  92.-Posture  of  feet  in  nayelitis  of  lumbar  enlargement  with  rapid 

wasting  of  muscles. 

rlc  on  i  Z  r  '  ir''"  '''^^  """^^  '''Viilj.  and  present  the 
reaction  o£  degeneration.    The  wasting  in  these  cases  is  often  extreme 
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In  many  cases  of  myelitis  above  the  lumbar  enlargement  there  is  a 
slighter  and  slower  wasting  of  the  muscles,  without  any  loss  of  reflex 
action.  The  ultimate  amount  of  wasting  may  be  considerable,  but  it 
is  never  so  great  as  when  the  lumbar  grey  matter  is  diseased.  There 
is  never  the  reaction  of  degeneration,  but  only  a  slight  change  in 
irritability,  similar  to  each  current,  at  first  an  increase  which,  after 
some  weeks  or  months,  gives  place  to  a  slight  diminution. 

The  sphincters  are  usually  affected  from  the  first,  except  in  very 
slight  cases,  and  they  sometimes  afford  the  earliest  indication  of 
commencing  lesion.  There  is  usually  first  retention  of  urine,  and 
afterwards  incontinence,  overflow  or  reflex  (see  p.  163),  when  the  disease 
is  above  the  lumbar  region ;  if  the  lumbar  centre  is  diseased  there  is 
persistent  incontinence  from  the  first.  In  the  former  case  there  is 
involuntaiy  action,  in  the  latter  inaction,  of  the  sphincter  ani,  and  in 
both  cases  incontinence  of  fseces.  This  may  be  inconspicuous  in  the 
early  period,  on  account  of  constipation,  due  to  intestinal  paralysis.  In 
cases  of  partial  myelitis,  as  of  the  anterior  cornua,  the  sphincters  are 
often  unaffected.  The  urine  is  frequently  alkaline  in  reaction,  and 
the  change  sometimes  comes  on  so  rapidly  that  it  is  evidently  the 
result  of  an  alteration  in  the  secretion.  In  all  cases  of  retention, 
decomposition  in  the  bladder  increases  the  alkalinity.  Cystitis  often 
follows. 

The  temperature  of  the  paralysed  limbs  is  usually  at  first  raised  one 
or  two  degrees  above  that  of  the  mouth,  but  it  afterwards  falls,  and 
remains  a  degree  or  so  lower  than  that  elsewhere.  The  skin  is  often 
dry,  sometimes  covered  with  sweat.  Its  nutrition  often  suffers  and 
bedsores  result.  In  some  cases  they  are  due  to  long-continued  pres- 
sure and  neglect,  but  they  may  occur  early  and  intensely  when  the  dis- 
ease affects  the  lumbar  enlargement  or  irritation  extends  down  to 
it  from  above.  The  least  pressure  on  the  skin  may  then  cause  a 
bulla  containing  sanious  liquid,  and  sloughing  occurs  with  readiness, 
especially  over  the  sacrum.  Now  and  then,  there  is  effusion  into  the 
knee-joints.  Occasionally  the  tendency  to  sloughing  of  the  skin  is  so 
intense  that  the  lesions  appear  to  be  spontaneous. 

Such  trophic  disturbances  sometimes  occur  in  the  cellular  tissue  of 
the  lower  part  of  the  body,  especially  in  the  neighbourhood  of  the 
bladder  and  rectum.  A  remarkable  example  of  such  disturbance  was 
presented  by  the  case  from  which  Figs.  85  and  86  are  ta,ken.  SUght 
symptoms  of  subacute  myelitis  were  followed  by  those  of  cellulitis  in 
the  lower  part  of  the  abdomen,  on  account  of  which  the  patient  was 
admitted  into  University  College  Hospital  under  the  care  of  my  col- 
league Mr.  Marcus  Beck.  Subcutaneous  emphysema  developed  about 
the  groins,  and  suppuration  occurred  near  the  rectum.  In  consequence 
of  this  inflammation  the  patient  died,  the  cord  symptoms  having  slowly 
increased.  After  death  no  lesion  of  the  intestine  or  local  cause  of  the 
cellulitis  could  be  discovered.  It  is  probable  that  the  derangement  of 
the  trophic  influence  of  the  cord  facilitates  the  occurrence  of  cystitis 
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from  retention  of  urine,  and  intensifies  its  effect  on  the  kidneys. 
Ulceration  of  the  bladder,  which  sometimes  occurs  with  remarkable 
rapidity,  may  be  thus  produced.  A  vesico-vaginal  fistula  may  form. 
Ulceration  of  the  urethi-a,  and  consequent  extravasation  of  urine  have 
been  observed  in  a  similar  case.*  In  another  case  the  inflammation 
of  the  bladder  was  intense,  and  suppurative  cellulitis  occurred  outside 
the  organ  and  set  up  a  fatal  peritonitis.  The  kidneys  were  the  seat 
of  very  acute  suppurative  inflammationf 

When  the  disease  is  in  the  cervical  region  the  pupil  may  be  affected. 
In  rare  cases  of  myelitis,  optic  neuritis  has  been  observed,  without 
any  intracranial  complication  to  cause  it.  J    It  is  probably  not  the 
result  of  the  inflammation  of  the  spinal  cord,  but  is  an  associated  and 
similar  lesion,  the  result  of  the  cause  of  the  myehtis.    It  is  noteworthy 
that  most  of  the  eases  thus  accompanied  have  been  instances  of  dis- 
seminated myelitis,  a  form  that  suggests  a  cause  acting  widely  on  the 
nervous  system.     In  the  case  of  Sharkey  and  Lawford  the  optic 
neuritis  reached  its  height  some  weeks  before  the  occurrence  of  the  " 
first  spinal  symptoms,  and  in  the  cord  were  two  separate  and  distant 
foci  of  inflammation. 

In  cases  of  rapid  development  the  degree  attained  by  the  symptoms 
at  their  onset  may  not  be  exceeded.  In  some  cases  a  slower  increase 
or  extension  ensues  in  the  course  of  a  few  days.  The  myelitis  begin- 
ning below,  may  ascend  the  cord,  and  the  arms  and  respiratory  mus- 
cles may  gradually  become  involved.  Or  inflammation,  beginning  in 
the  dorsal  region,  may  slowly  descend  into  the  lumbar  enlargement 
probably  extending  along  the  grey  matter.  Eeflex  action  in  the  early 
stages  IS  normal  or  excessive,  and  afterwards  becomes  lost 

If  the  patient  survives,  the  course  of  the  symptoms  varies  according 
to  the  mtensity  of  the  lesion.  The  paralysis,  motor  and  sensory,  may 
remam  complete.  More  frequently  sensation  is  recovered  after  a  few 
weeks  or  months,  while  motor  power  continues  absent  for  a  much 
longer  penod.  The  excessive  reflex  action  may  lead  to  the  gradual 
development  of  spasm  in  the  legs.  This  is  especially  related  to 
the  mcrease  of  the  muscle-reflex  action,  which  follows  the  secondary 
descending  degeneration  of  the  pyramidal  fibres.  Ultimately  the 
condition  IS  that  termed  "  spastic  paraplegia  "  and  described  in  detail 
in  another  section.    The  onset  of  this  spasm  is  not  incompatible 

ca  es  are  often  well  nourished  and  may  even  increase  in  size  •  the 
spasm  constitutes  a  powerful  stimulus  to  their  growth.  Spasm  n  ay 
however,  coexist  with  the  slow  wasting  described  above,  (p^226)  but 
IS  rarely  intense  m  these  cases.    Sometimes,  especially  when  the  cuta- 

•  S.  West, '  St.  Bart.  Hosp.  Eep.,'  vol  x 

+  Sha,;kc,  ,nd  L.wEord,  '  Tran,.  Ophlh.  Soc,,'  1883 
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neous.  reflexes  are  in  excess,  and  there  is  little  or  no  recoveiy  of 
voluntary  power,  flexor  spasm  comes  on  at  a  later  period,  at  first  in 
paroxysms,  alternating  with  the  extensor  spasm.  Afterwards  posture 
may  lead  to  persistent  contraction  in  the  flexors  of  the  knee  and  hip 


Fi&.  93. — Flexor  contraction  of  legs  in  myelitis  of  tlie  dorsal  region. 

(Fig.  93),  which  may  become  so  great  that  the  heels  are  in  contact 
with  the  buttocks. 

Death  may  occur  from  the  extension  upwards  of  the  mischief,  or  by 
failure  of  respiratory  power,  often  aided  by  accumulation  of  mucus  in 
the  bronchi,  or  it  may  result  from  the  trophic  consequences  of  the 
disease  ;  bedsores  may  lead  to  pyaemia ;  cystitis  and  retention  may 
set  up  suppurative  pyelo-nephritis ;  or  the  patient's  strength  may  be 
slowly  worn  out,  and  thus  he  may  die  after  some  weeks  or  months. 
When  improvement  takes  place  it  is  usually  slow.  In  cases  of  moderate 
severity  the  recovery  may  ultimately  be  complete,  but  in  severe  cases 
if  is  often  imperfect,  and  some  weakness  with  spasm  or  wasting  is 
permanent.  Earely  there  is  no  improvement.  The  disease  passes  into 
a  chronic  stage,  and  the  paralysis  may  remain  complete  as  long  as  the 
patient  lives,  often  for  years.  In  some  cases,  however,  improvement 
occurs  even  after  the  paralysis  has  remained  absolute  for  six  or  twelve 
months.  In  such  cases  the  recovery  is  never  complete,  although  it  is 
sometimes  considerable. 

Varieties.— The  different  forms  of  myelitis,  which  may  be  dis- 
tinguished on  pathological  grounds,  are  attended  by  some  differences 
in  the  symptoms.  The  symptoms  of  transverse  myelitis  have  been 
described  as  those  typical  and  characteristic  of  the  disease.^  Strictly 
speaking,  the  transverse  form  is  a  variety  of  focal  myelitis,  but  the 
latter  term  is  often  applied  to  the  variety  in  which  there  is  a  small 
area  of  inflammation  not  extending  through  the  cord  and  sometimes 
limited  to  a  single  element.  Many  cases  of  anterior  polio-myelitis  are 
instances  of  this  form,  but  these  are  excluded  from  present  considera- 
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tion.    With  this  exception,  little  is  known  of  myelitis  limited  to  a 
single  small  focus,  because  such  cases  are  rarely  fatal.    Cases  are 
occasionally  met  with  in  which  symptoms  of  very  limited  range  come 
on  acutely,  and  may  reasonably  be  ascribed  to  such  a  lesion.  They 
may  be  one-sided,  and  motor  or  sensory,  or,  as  I  have  more  than  once 
seen,  there  may  be  acute  sensory  disturbance  with  inco-ordination, 
limited  to  a  single  limb.    A  much  more  frequent  focal  form  is  dis- 
seminated myelitis,  in  which  there  are  two  or  more  foci  of  inflammation 
in  the  same  or  different  parts  of  the  cord.    The  onset  of  this  form  is 
often  subacute,  and  constitutional  symptoms  are  frequently  absent. 
The  most  important  special  symptoms  are  those  which  indicate  inter- 
ference with  the  central  functions  of  the  cord  in  more  than  one  locality. 
The  combinations  of  symptoms  are  very  variable.    In  many  cases  the 
several  foci  of  inflammation  develop  successively,  not  simultaneously, 
and  then  we  have  a  corresponding  succession  of  symptoms.    Thus,  a 
myeUtis  in  the  cervical  region  causing  atrophy  of  some  groups  of 
muscles  in  one  arm  and  paralysis  of  the  corresponding  leg,  may  be 
followed  by  paralysis  of  the  other  leg  with  such  loss  of  reflex  action  in 
it  as  shows  a  separate  focus  of  inflammation  in  the  lumbar  enlargement, 
and  this  again  by  the  development  of  a  girdle  pain  corresponding  to' 
the  middle  of  th  e  dorsal  region  from  a  fresh  area  of  inflammation  in  that 
situation.    When  numerous  foci  of  myelitis  occur  in  the  dorsal  region, 
as  IS  not  uncommon  in  syphilitic  cases  and  after  injurv,  the  symptoms 
may  closely  resemble  those  of  a  transverse  myelitis,  because  by  one  or 
another  of  these  foci  each  of  the  elements  of  the  cord  is  interrupted. 
The  only  distinction  may  be  the  extensive  impairment  of  the  trunk- 
reflexes,  or  the  detection  of  extensive  loss  of  irritability  in  the  trunk- 
muscles. 

In  the  rare  form  of  difuse  central  myelitis  there  is  usually  rapid  loss 
of  power,  of  sensation,  and  of  reflex  action,  considerable  elevation  of 
temperature,  speedy  trophic  disturbance,  and  often  death  at  the  end 
ot  two  or  three  days.  Earely  sensation  and  reflex  action  have  been 
lowered  and  not  lost.  On  the  other  hand,  the  loss  of  sensation  is  said 
to  be  sometimes  absolute,  when  motor  palsy  is  incomplete  The 
symptoms  have  begun  in  arms  and  legs  simultaneously,  or  in  either  of 
these,  and  have  accordingly  spread  upwards  or  downwards.  Practi- 
cally nothing  IS  yet  known  of  any  slight  non-fatal  forms  of  this  variety 
E<^morrhagic  myelitis  is  scarcely  a  special  foi-m,  since  any  acute  inflam ' 
mation  of  the  cord  may  be  attended  by  a  sudden  extravasation  of 
blood.  Its  manifestation  is  the  sudden  onset  of  severe  symptoms 
after  slighter  disturbance  such  as  indicates  a  commencing  myelitis. 

PATHOLOG^-Yery  little  is  known  of  the  pathology  of  acute 
myelitis,  of  the  relation  of  the  morbid  process  to  its  causes.  The 
spinal  cord  differs  from  most  organs  in  that  acute  inflammation  may 

tion,  the  cord  presents  a  remarkable  contrast  to  the  brain  The 
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special  liability  of  the  dorsal  region  may  be  associated  with  the  readi- 
ness with  which  this  part  undergoes  post-mortem  softening,  but  we 
are  ignorant  of  the  conditions  by  which  this  liability  is  determined. 
A  question  of  considerable  interest  is  whether  acute  inflammation  of 
the  cord  always  begins  as  such,  or  whether,  in  any  case  or  form,  it  is 
set  up  by  vascular  obstruction,  such  as  thrombosis  in  a  minute  vessel. 
It  is  conceivable  that  such  an  initial  lesion  may  be  ultimately  lost  in 
the  spread  of  the  inflammation  it  excites.  The  acute  inflammations  of 
the  cord  that  occur  in  syphilitic  subjects  seem  to  have  no  specific  histo- 
logical characters. 

Diagnosis. — Myelitis  is  recognised  by  the  rapid  onset  of  symptoms 
indicating  structural  disease  of  the  cord.  The  diagnosis  may  be  aided 
by  the  pi-esence  of  such  general  symptoms  as  attend  the  occurrence  of 
inflammation  in  other  organs,  but  the  absence  of  these  is  of  little 
negative  significance.  The  position  of  the  myelitis  must  be  inferred 
from  the  considerations  already  described-  Its  uj^per  limit  is  indi- 
cated by  the  upper  limit  of  the  paralysis ;  its  lower  limit  by  the 
impairment  of  the  functions  of  the  cord  as  a  central  organ  (reflex 
action  and  muscular  excitability)  in  the  parts  paralysed,  while  the 
degree  to  which  the  various  structures  of  the  cord  are  damaged  must 
be  inferred  from  the  character  and  degree  of  the  symptoms  in  the 
affected  limbs. 

Thus  if  called  to  a  patient  who  has  rapidly  become  paraplegic,  the 
practitioner  should  first  note  the  degree  of  motor  and  sensory  para- 
lysis of  the  legs  (indicating  whether  the  lesion  is  total  or  partial), 
and  how  high  up  the  trunk  the  symptoms  extend.  He  should  then 
test  the  reflex  action  in  the  affected  limbs  and  trunk,  and  ascertain  the 
state  of  myotatic  irritability  in  the  limbs.  These  indicate  the  con- 
dition of  the  reflex  arcs  in  the  lower  portion  of  the  cord.  Further 
information  on  this  point  is  afforded  by  the  state  of  muscular  nutri- 
tion, and  especially  by  the  evidence  of  the  state  of  nutrition  of  the 
nerve-fibres  which  is  revealed  by  f  aradaism.  It  is  useless  to  apply  this 
test  until  five  or  seven  days  after  the  onset,  because  four  or  five  days, 
and  often  eight  or  ten,  elapse  before  the  degenerative  changes  occur  in 
the  nerve-fibres.  The  examination  may  then  be  made  without  any  risk, 
provided  a  very  gentle  current  is  emf)loyed,  just  sufficient  to  cause  a 
contraction  in  the  corresponding  muscles  of  a  healthy  limb,  and  the 
current  need  not  be  applied  to  each  spot  for  more  than  a  second.  The 
isolated  faradaic  shock  may  be  employed  with  advantage.  If  no 
change  is  found,  the  examination  may  be  repeated  at  the  end  of  ten 
days  from  the  onset.  If  no  muscles,  at  the  end  of  that  time,  present 
any  considerable  diminution  of  contractility,  it  shows  that  no  con- 
siderable nutritive  change  is  taking  place  in  the  nerves,  and  that  the 
grey  matter  from  which  the  nerves  proceed  is  not  inflamed.  On  the 
other  hand,  if  certain  muscles  present  a  diminution  of  irritability, 
others  being  normal,  there  is  a  focal  lesion  in  the  corresponding  grey 
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matter.  If  all  the  muscles  of  both  legs  present  such  a  failure  there  is 
an  inflammation  of  the  lumbar  grey  matter.  So,  in  cases  of  cervical 
myelitis  with  paralysis  of  all  four  limbs,  the  condition  of  irritability  of 
tbe  arm  muscles  shows  whether  the  disease  involves,  or  is  above,  the 
grey  matter  in  the  lower  half  of  the  cervical  enlargement.  If  there  is 
impairment  of  irritability,  its  extent  in  the  two  arms  will  afford  an 
indication  as  to  whether  the  myelitis  is  total,  or  whether  it  affects  chiefly 
certain  spots  in  the  grey  matter  (polio-myelitis).  This  distinction  is 
aided  in  certain  cases  by  the  degree  of  paralysis  of  the  legs.  Cervical 
comual  myelitis  may  cause  paralysis  in  the  legs,  because  the  inflam- 
mation, in  slighter  degree,  involves  also  the  lateral  white  columns,  but 
the  paralysis  of  the  legs  is  usually  incomplete,  whereas  it  is  complete  if 
the  myelitis  is  transverse,  and  sensation  also  may  be  lost.  The  dis- 
tinction of  the  other  vai'ieties  of  myelitis  depends  on  their  special 
symptoms  which  have  been  just  enumerated. 

If  transverse  myelitis  bas  been  diagnosed,  the  question  sbould 
always  be  asked.  Is  it  primary,- or  secondary,  to  compression?  We 
have  seen  that  myelitis  may  result,  even  in  acute  form,  from  pressure 
on  tbe  cord.  The  answer  must  depend  on  the  discovery  of  any  cause 
of  compression.  The  spinal  column  should  in  all  cases  be  most  care- 
fully examined,  not  merely  once,  but  again  and  again.  When  the 
myelitis  is  developed  there  may  be  no  signs  of  bone  disease,  and  yet 
these  may  appear  in  the  course  of  a  few  weeks  or  months.  Or  the 
myelitis  may  be  preceded  by  slight  symptoms  indicating  irritation  of 
the  membranes.  Myelitis  in  a  cancerous  patient  sbould  always 
suggest  a  secondary  growth  in  the  spine.  A  woman,  shortly  after  the 
removal  of  a  cancer  from  the  breast,  became  paraplegic.  No  evidence 
of  bone  disease  could  at  first  be  found,  but  in  a  few  weeks  the  verte- 
bral column  became  distinctly  enlarged  from  secondary  cancer.  The 
diagnosis  from  spinal  hcsmorrhage  is  chiefly  by  the  mode  of  onset.  In 
haemorrhage  the  symptoms  develop  in  a  few  minutes,  and  it  is  only 
in  the  cases  of  hBemorrhagic  myelitis  that  any  diagnostic  difficulty 
presents  itself.  The  sudden  paralysis  is  then  commonly  preceded  by 
slight  sensory  symptoms,  tingling,  &c.,  and  sometimes  by  fever.  If 
these  are  absent  in  cases  of  actually  sudden  onset,  we  are  not  justified 
in  diagnosing  myelitis. 

Cases  in  which  acute  myelitis  ascends  the  cord,  so  that  the  legs, 
muscles  of  the  trunk,  and  the  arms  are  successively  paralysed,  bear 
considerable  resemblance  to  the  rare  disease  termed  acute  ascending 
paralysis,  or  "  Landry's  paralysis,"  in  which  no  lesion  of  the  cord  is 
found  after  death.  There  has  been  some  confusion  of  the  two  diseases, 
as  will  be  mentioned  in  the  account  of  this  malady.  The  most 
important  distinction  is  that  in  such  ascending  myelitis  there  is  always 
much  affection  of  sensation,  and  a  strong  tendency  to  trophic  disturb- 
ance, while,  if  the  patient  survives,  many  muscles  waste  and  present 
loss  of  faradaic  irritability.  In  acute  ascending  paralysis,  on  the 
other  hand,  sensation  is  unimpaired  or  is  merely  dulled  on  the  extremi- 


282 


SPINAL  CORD. 


ties  of  the  limbs  ;  bedsores  do  not  form,  and,  if  the  case  is  not  fatal, 
there  is  no  change  in  the  electric  irritability  of  any  muscles. 

In  meningitis  the  symptoms  of  irritation,  severe  pains,  muscular 
rigidity,  &c.,  are  prominent,  while  they  are  absent  in  simple  myelitis, 
in  which  also  the  degree  of  fever  is  usually  less.  But  in  many  cases 
tbe  two  conditions  co-exist  and  the  predominant  lesion  can  only  be 
decided  by  the  order  and  degree  of  the  development  of  the  symptoms. 
In  meningeal  Jicemorrhage  there  is  severe  pain  in  the  back,  acute  irri-" 
tation  of  the  nerve-roots,  and  the  symptoms  are  of  very  sudden 
onset. 

Myehtis  is  far  from  rare  in  patients  of  the  age  and  sex  in  which 
hysteria  especially  prevails,  and  many  cases  are  mistaken  for  hysterical 
paraplegia.  The  converse  error  is  very  rare.  The  mistake  occurs 
especially  in  cases  of  transverse  dorsal  myelitis,  in  which  there  is  no 
wasting  of  the  muscles  of  the  legs.  The  gradual  development  of  con- 
siderable excess  of  myotatic  irritability  is  a  symptom  of  great  dia- 
gnostic value,  and  when  this  increases  to  characteristic  extensor  spasm 
there  should  be  no  room  for  doubt.  Among  other  conclusive  sym- 
ptoms of  organic  disease,  a  girdle  pain,  and  incontinence  of  urine  or 
faeces,  are  of  especial  value.  Trophic  changes  in  the  skin  often  some- 
times decide,  even  alone,  the  nature  of  the  case. 

Prognosis. — The  danger  to  life  in  myelitis  depends  upon  the  position 
of  the  disease.  It  is  less  when  the  mischief  is  confined  to  the  dorsal 
region,  greater  when  the  lumbar  enlargement  is  affected,  on  account  of 
the  greater  liability  to  trophic  disturbances,  which  so  often  cause  death. 
On  this  account  the  prognosis  is  worse  in  disseminated  than  in  simple 
transverse  myelitis,  because  some  of  the  scattered  foci  are  so  often 
situated  in  the  lumbar  enlargement.  The  risk  to  life  is  greatest, 
however,  when  the  disease  is  situated  in  the  cervical  enlargement,  on 
account  of  the  danger  of  fatal  interference  with  the  muscles  of  respira- 
tion. The  prognosis  is  therefore  rendered  worse  by  indications  of  a 
tendency  to  extension,  especially  to  extension  upwards.  The  prospect 
of  recovery  of  power  is  influenced  by  the  degree  of  damage,  as  shown 
(1)  by  the  degree  of  the  symptoms,  being  less  when  sensation  is  lost 
than  when  there  is  only  motor  paralysis ;  (2)  by  their  vertical  extent. 
Intense  general  disturbance,  high  fever  and  prostration,  render  worse 
both  the  immediate  and  the  ultimate  prognosis.  Bedsores,  if  forming 
early,  within  the  first  month,  are  an  unfavorable  indication ;  at  a 
later  period  they  have  little  influence  on  the  prognosis.  The  occurrence 
of  cystitis,  and  especially  of  any  indication  of  secondary  kidney  disease, 
increases  very  much  the  gravity  of  the  case.  When  the  acute  stage  is 
over,  and  the  disease  has  become  stationary,  the  prognosis  must  be 
influenced  by  any  indications  of  change  that  can  be  detected.  As 
long  as  sensation  as  well  as  motion  remains  lost,  no  recovery  can  be 
anticipated,  but  if  the  sensibility  of  the  skin  has  become  normal,  some 
ultimate  recovery  of  motor  power  may  be  looked  for.    The  development 
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of  even  an  intensely  spastic  state  of  the  legs  does  not  preclude  recovery 
of  the  power  of  walking,  indeed  the  spasm  often  enables  the  patient  to 
stand  with  a  slighter  degree  of  voluntary  power  than  would  suffice  if 
the  limbs  were  supple.  If  paralysis  has  remained  absolute  for  six 
months,  complete  recovery  cannot  be  hoped  for,  but  some  return  of 
power,  sufficient  to  enable  the  patient  to  walk,  may  occur  after  even 
twelve  or  eighteen  months'  absolute  paraplegia. 

'  The  fact  of  preceding  syphilis  must  be  allowed  very  little  influence 
on  the  prognosis,  provided  confidence  is  felt  that  the  patient  is  suffering 
from  a  primary  myelitis  and  not  from  any  secondary  consequence  of 
a  syphilitic  growth. 

Treatment. — If  a  case  comes  under  observation  at  the  earliest 
period,  when  only  slight  sensory  disturbance  and  slight  weakness  of 
the  legs  indicate  the  commencing  process,  the  question  arises  whether 
any  treatment  can  avert  the  further  development  of  the  inflammation. 
If  the  symptoms  are  clearly  due  to  exposure  to  cold,  a  hot  bath, 
followed  by  free  diaphoresis,  should  be  employed,  and  seems  sometimes 
efficacious.  If  considerable  paralysis  shows  that  the  process  of 
inflammation  is  fully  developed,  little  can  be  expected  from  these 
measures,  and  it  is  better  not  to  subject  the  patient  to  treatment  that 
is  incompatible  with  perfect  rest.  This,  in  all  cases,  is  of  paramount 
importance.  Both  functional  excitation  of  the  cord  and  movement  of 
the  spinal  column  should  be  avoided.  The  remarks  regarding  posture 
made  in  the  account  of  the  treatment  of  inflammation  of  the  membranes 
apply  also  to  that  of  the  cord  itself  ;  it  is  most  undesirable  that  the 
spine  should  be  the  lowest  part  of  the  body,  and  it  is  rather  less  difficult 
to  keep  the  patient  off  the  back  in  myelitis  than  in  meningitis.  If 
there  is  any  reason  to  suspect  haemorrhage,  or  if  there  are  indications 
of  rapid  extension  of  the  inflammation,  the  prone  position  should  be 
adopted  for  a  time,  if  possible. 

The  removal  of  blood  from  the  skin  of  the  back  over  the  affected 
region,  by  leeches  or  wet  cupping,  is  an  old  measure,  which  finds  some 
theoretical  justification  in  the  fact  that  the  blood  from  the  structures 
behind  the  spine  passes  into  the  same  venous  plexuses  as  the  blood 
from  the  spinal  cord  itself.  Hence  this  measure  may  conceivably  have 
some  influence  on  the  circulation  in  the  cord.  If  the  patient's  strength 
is  not  such  as  to  render  the  abstraction  of  blood  desirable,  dry  cupping 
may  be  employed,  or  the  vessels  of  the  skin  may  be  dilated  by  hot 
fomentations,  or  a  mustard  plaster,  or  hot  water  bags.  By  stimulating 
the  cutaneous  nerves,  these  agents  may  also  influence,  in  a  reflex 
manner,  the  vessels  of  the  cord.  The  application  of  cold  to  the  spine, 
as  by  a  spinal  ice-bag,  has  also  been  recommended.  Contrary  as  these 
therapeutic  agents  seem,  it  is  probable  that  each  moderates  local 
inflammation  in  the  same  manner,  by  causing  first  contraction  and  then 
dilatation  of  the  vessels  of  the  inflamed  part,  and  so  lessening  the 
tendency  to  stasis  of  the  blood,  on  which  some  effects  of  inflammation 
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depend.  Unless  tliere  is  reason  to  suspect  haemorrbage,  the  application 
of  warmth  seems  the  safer  of  the  two.  At  the  very  onset  of  inflamma- 
tion mild  counter-irritation  is  unquestionably  useful,  and  even  a  blister 
may  be  employed,  but  when  tlie  process  has  reached  a  considerable 
degree,  it  is  very  doubtful  whether  counter-irritation  has  much  influence 
until  the  acute  stage  is  over. 

In  other  respects  the  treatment  of  acute  inflammation  of  the  cord 
must  be  guided  rather  by  the  nature  of  the  process  than  by  the  cha- 
racter of  the  organ  in  which  it  occurs.  A  nutritious  but  un stimulating 
diet,  aperients,  and  diuretics,  arc  desirable  in  all  cases.  It  is  extremely 
difi&cult  to  ascertain  the  inflaence  of  the  drugs  which  are  supposed  to 
exert  a  special  influence  on  the  inflammation.  Ergot  was  recommended 
by  Brown- Sequard  chiefly  on  theoretical  grounds,  and  has  been  exten- 
sively employed.  In  rare  cases  it  has  seemed  to  do  good.  In  cases 
of  hsemorrhagic  myelitis  it  may  reasonably  be  given  with  gi'eater 
confidence,  or  ergotin  (3  to  5  gr.)  may  be  injected  beneath  the  skin. 
Belladonna  has  also  been  recommended,  but  its  influence  is  doubt- 
ful. Mercury  has  been  largely  employed,  given  by  the  mouth  and 
by  inunction.  The  influence  of  mercury  on  the  inflammation  of 
internal  organs  does  not  seem  so  great  as  upon  the  inflammation  of 
fibrous  tissues  and  the  structures  that  invest  organs.  Certainly 
in  myelitis  its  effect  is  less  distinct  than  it  is  in  many  cases  of  menin- 
gitis.  Iodide  of  potassium  seems  to  be  even  less  efficacious  than  mer- 
cury. In  cases  of  myehtis  occurring  in  syphilitic  subjects  the  treatment 
for  syphilis  seems  to  have  but  little  influence  on  the  morbid  process. 
It  is  true  that  such  treatment  is  rarely  adopted  at  the  very  onset  of 
acute  myelitis,  but  after  the  disease  is  developed  energetic  treatment 
does  not  seem  to  modify  the  subsequent  course  of  the  disease.  This 
is  true  also  of  the  subacute  disseminated  myelitis  which  often  occurs 
in  the  subjects  of  syphilis.  I  have  known  this  form,  concurring  with 
syphilitic  disease  of  the  cerebral  arteries,  to  develop  and  run  its  course 
to  a  fatal  termination  in  spite  of  continuous  antisyphilitic  treatment. 
It  has  already  been  pointed  out  that  no  form  of  acute  myelitis  in 
syphilitic  subjects  presents  any  special  histological  characters.  What- 
ever be  the  relation  of  non-specific  morbid  processes  to  syphilis,  the 
influence  of  antisyphilitic  treatment  seems  to  be  for  the  most  part 
confined  to  lesions  which  present  a  specific  character.  Hence,  in  cases 
of  myelitis  in  syphilitic  subjects,  while  it  may  be  desirable  to  treat  the 
patient  in  accordance  with  the  constitutional  state,  much  effect  on  the 
morbid  process  must  not  be  anticipated  from  the  special  treatment. 
The  conclusion  is  that,  as  stated  at  the  outset,  in  acute  myelitis  our 
chief  reliance  must  be  on  the  general  measures  suggested  by  the 
process  of  inflammation  rather  than  on  special  agents.  At  the  same 
time  it  may  be  thought  well  to  use  the  latter  in  order  to  employ  all 
possible  means  which  afford  even  a  chance  of  lessening  a  pi'ocess, 
the  most  trifling  diminution  in  which  may  have  a  profound  influence 
on  the  ultimate  condition  of  the  patient. 
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In  the  general  management  of  a  case  of  myelitis,  two  points  are  of 
extreme  importance.  One  is  to  avoid,  by  extreme  cleanHness  and 
care,  the  exciting  causes  of  bedsores.  The  skin  should  be  most  care- 
fully watched,  and  any  indication  of  deleterious  pressure  met  by  a 
change  of  position  or  an  alteration  of  the  mode  of  supporting  the  part. 
Cotton  wool  is  very  useful  for  this  purpose.  If  there  is  a  marked 
tendency  to  trophic  changes  the  patient  should  be  placed  on  a  water 
bed.  When  there  is  incontinence  of  uriae,  the  difficulty  of  avoiding 
irritation  of  the  skin  is  greatly  increased.  For  males,  a  bed  urinal  is 
sometimes  useful,  but  often  it  causes  irritation  and  even  sloughing  of 
the  prepuce,  and  then  does  more  harm  than  good.  A  quantity  of 
boracic  absorbent  cotton  wool,  changed  as  often  as  it  becomes  satu- 
rated, is  one  of  the  best  means  of  meeting  this  difficulty.  It  must  be 
remembered  that  the  prevention  of  bedsores  is  the  prevention  of  one 
common  cause  of  death.  Should  offensive  sores  unfortunately  form,  a 
quantity  of  picked  oakum,  placed  outside  the  immediate  dressing,  is  a 
cheap  and  most  effective  means  of  preserving  the  air  of  the  room 
from  the  foetor  of  the  sores,  and  therefore  of  increasing  the  comfort 
and  wellbeing  of  the  patient  and  his  attendants.  The  second  pgint  in 
management  is  the  treatment  of  retention  of  urine.  If  there  is 
either  simple  retention  or  overflow  incontinence,  the  bladder  must  be 
regularly  emptied  by  the  catheter  and  great  care  exercised  to  prevent 
the  introduction  of  contaminating  germs.  If  the  bladder  is  left  full 
and  the  urine  allowed  to  dribble  away,  inflammation  is  sure  to  be  set 
up,  and  probably  also  pyelo-nephritis.  If  cystitis  occurs,  antiseptic 
washes  must  be  used  to  lessen,  as  far  as  possible,  the  decomposition 
of  the  urine. 

When  the  disease  of  the  cord  has  become  stationary,  the  patient 
may  be  allowed  to  move  and  a  more  tonic  treatment  may  be  adopted. 
Iron,  quinine,  or  arsenic  may  be  given.  Strychnia  must  be  given  only 
in  very  small  doses  if  there  is  any  excess  of  reflex  action.  Occasional 
counter-irritation  may  be  employed,  and  frequently  if  any  improve- 
ment seems  to  result.  The  limbs  may  be  rubbed,  and  any  muscular 
wasting  treated  with  electricity.  It  is  not  desirable  to  use  electricity 
as  a  therapeutic  agent  while  the  cord  disease  is  in  an  acutely  active 
stage.  There  is  no  evidence  that  the  applicatioa  of  electricity  to 
the  spinal  column  has  any  influence  on  the  process  of  recovery  of 
the  cord.  Its  chief  value  is  to  maintain,  as  far  as  possible,  the 
nutrition  of  any  muscles  of  which  the  nerves  have  undergone  de- 
generation. In  cases  of  dorsal  myelitis,  in  which  the  legs  are  well 
nourished,  and  the  reflex  action  is  excessive,  it  is  better  not  to 
apply  any  form  of  electricity.  The  unavoidable  stimulation  of  the 
sensory  nerves  tends  to  increase  the  reflex  over-action.  Careful  atten- 
tion should,  in  all  cases,  be  paid  to  the  position  of  the  limbs,  during 
the  stage  of  helplessness,  so  as  to  avoid  as  far  as  possible  the  develop- 
ment of  contractions.  For  the  condition  of  active  spasm  which  often 
develops  after  severe  myelitis,  not  much  can  be  done ;  such  special 
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treatment  as  can  be  adopted  is  described  in  the  chapter  on  "  Primary 
Spastic  Paraplegia." 

Abscess  of  the  Spinal  Coed, 

Simple  inflammation  of  the  spinal  cord  scarcely  ever  goes  on  to  the 
formation  of  pus.  In  polio-myelitis,  leucocytes  may  accumulate  at 
certain  points  of  the  grey  matter  so  densely  as  to  constitute  micro- 
scopic collections  of  pus.  In  very  rare  cases  of  this  kind  such  minute 
abscesses  have  been  sufficiently  large  to  be  visible  to  the  naked  eye. 
Pus  only  forms  in  the  substance  of  the  cord  in  considerable  quantity  in 
cases  of  purulent  meningitis.  In  most  instances  the  purulent  meningi- 
tis has  been  of  septic  origin,  rarely  traumatic.  In  the  former  case, 
suppuration  within  the  brain  may  coincide  vfith  that  in  the  spinal  cord. 
The  latter  may  be  very  extensive.  The  symptoms  are  those  of  an 
acute  irritative  spinal  lesion,  but  they  are  often  lost  in  those  of  the 
purulent  meningitis  which  precedes  the  disease  of  the  cord  itself.  In 
the  diagnosis  of  the  condition,  the  presence  of  a  cause  of  septic  sup- 
puration is  the  most  important  element  in  the  determination  of  the 
nature  of  the  acute  spinal  symptoms.  A  good  example  of  the  disease 
is  a  case  recorded  by  Nothnagel.  A  patient  suffering  fi'om  cough  and 
most  offensive  expectoration  was  suddenly  seized  with  severe  pains 
on  both  sides  of  the  abdomen,  attended  by  a  -sense  of  constriction  and 
quickly  followed  by  paralysis  of  the  bladder  and  of  the  legs,  with  loss 
of  sensation  and  of  reflex  action.  An  abscess  of  the  cord  was  diagnosed. 
After  death  there  was  extensive  purulent  spinal  meningitis,  and  the 
dorsal  and  lumbar  cord  contained  an  extensive  collection  of  gangrenous 
offensive  pus,  which  seemed  to  occupy  the  central  part  of  the  cord, 
from  the  cervical  enlargement  downwards.  Some  abscesses  were 
found  also  in  the  white  substance  of  the  brain. 

Embolism  of  the  Spinal  Cord. 

The  occurrence  of  embolism  in  the  spinal  cord  has  not  yet  been 
proved,  but  a  few  cases  have  been  recorded  which  suggest  the 
possibility  that  the  process  has  been  the  exciting  cause  of  an  acute 
myelitis  in  very  rare  instances.  In  a  young  man  with  mitral  regurgi- 
tation, considerable  weakness  of  the  right  leg  came  on  suddenly,  with 
transient  spasm.  The  onset  indicated  an  acute  lesion  in  the  cord, 
which  might  well  have  been  the  embolic  obstruction  of  a  small  vessel. 
In  a  case  recorded  by  Weiss,  a  boy,  aged  sixteen,  with  chronic  mitral 
disease,  was  suddenly  seized  with  complete  paraplegia,  followed  by 
bedsores,  &c.  He  died  four  months  after  the  onset,  and  the  lumbar 
enlargement  was  found  completely  softened,  with  old  coagula  in  the 
arteries.  There  was  embolism  of  the  kidneys  and  spleen,  and  the 
cortex  of  each  cerebral  hemisphere  presented  small  foci  of  softening. 
Such  cases  justify  a  suspicion  that  embolism  may  be  the  cause  of  a 
sudden  lesion  of  the  cord  in  a  patient  in  whom  a  source  of  embolism 
exists  and  the  process  has  occurred  in  other  organs. 


OHEO^ilO  MYELITIS. 


237 


Chronic  Myelitis, 

The  spinal  cord  is  occasionally  the  seat  of  chronic  inflammation, 
which  develops  slowly  in  the  course  of  a  few  or  many  months.  The 
lesions,  which  can  be  regarded  with  most  accuracy  as  of  this  nature, 
resemble  acute  myelitis  in  seat  and  distribution,  and  intermediate 
cases  connect  them  with  the  analogous  •  subacute  forms.  They  differ 
from  acute  inflammation  both  in  the  longer  time  occupied  in  their 
development,  and  in  the  absence  of  the  considerable  vascular  dis- 
turbance which  forms  part  of  the  acute  process.  Such  chronic  myelitis 
may  be  focal,  disseminated,  or  diffuse.  In  the  former  case  it  may 
involve  the  whole  thickness  of  the  cord  at  a  certain  level,  chronic 
transverse  myelitis,  or  only  part  of  it,  sometimes  one  half,  occasionally 
for  a  considerable  vertical  extent.  The  chronic  disseminated  myelitis 
may  resemble  the  corresponding  subacute  form  in  distribution,  many 
points  of  inflammation  being  scattered  through  a  certain  region  of  the 
cord,  or  it  may  affect  almost  all  parts  of  the  cord,  and  then  ultimately 
become  diffuse  by  the  union  of  the  areas  of  disease. 

The  term  "  chronic  myelitis  "  has,  however,  been  used  in  a  much 
wider  sense  than  that  here  indicated.  There  has  been  a  tendency  in 
recent  pathology  to  extend  the  conception  of  inflammation  so  as  to 
include  all  morbid  processes  which  do  not  consist  in  an  actual  new 
growth.  The  extension  is  chiefly  based  on  the  difficulty  of  drawing  a 
dividing  line  between  inflammation  and  other  processes.  But  it  is 
often  useful  and  even  necessary  to  distinguish  where  we  cannot  divide, 
and  it  may  be  doubted  whether  any  clearer  conception  of  pathological 
processes  has  been  obtained  by  a  generalisatioQ  which  is  hardly  more 
than  the  forced  extension  of  an  elastic  name.  The  application  of  this 
method  to  the  spinal  cord  has  caused  the  term  "  chronic  myelitis  "  to 
be  applied  to  all  chronic  diseases  other  than  tumours.  Thus  the 
chronic  lesions  that  are  limited  to  certain  structures  of  common 
function,  and  probably  begin  by  an  atrophy  of  the  nerve-elements 
("  system-diseases  ")  have  been  described  as  "  chronic  parenchymatous 
myelitis  "  (Hallopeau  and  others).  Such  processes  have  so  little  in 
common  with  the  forms  of  chronic  inflammation  above  mentioned  that 
it  is  more  convenient  to  follow  the  example  of  those  who  consider  them 
separately,  as  a  class  of  "  degenerative  diseases,"  in  spite  of  the  fact 
that,  in  rare  cases,  the  morbid  process  may  develop  with  some  rapidity, 
and  indications  of  a  secondary  inflammation  may  sometimes  be  dis- 
covered. For  practical  purposes,  it  is  best  to  base  our  distinctions  on 
the  salient  differences  of  general  character  and  course.  We  are  not 
therefore  precluded  from  recognising  the  points  of  contact  between  the 
various  groups  of  diseases,  or  the  presence  of  common  elements  in  those 
that  are,  in  the  main,  dissimilar.  Hence  we  will  restrict  the  term 
"  chronic  myelitis  "  to  the  processes  already  indicated  as  those  to  which 
it  is  strictly  applicable. 

The  irregular  distribution  of  the  lesion  in  "  disseminated  "  or  "  insular 
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sclerosis"  may  seem  a  special  justification  for  including  it,  as  many- 
have  done,  under  "  chronic  myelitis,"  but  it  presents  so  many 
peculiarities  that  it  also  is  most  conveniently  described  apart. 

Etiolooy. — In  the  causation  of  chronic  myelitis,  an  inherited  neuro- 
pathic tendency  can  sometimes,  although  rarely,  be  traced.  The 
disease  is  most  common  in  the  male  sex  and  in  early  and  middle  adult 
life,  but  it  occurs  occasionally  in  old  age.  Many  cases  are  met  with 
in  the  subjects  of  constitutional  syphilis,  so  that  a  causal  influence  of 
syphilis  is  highly  probable.  In  most  instances  the  primary  syphilis  was 
contracted  many  years  before  the  myelitis  came  on.  Various  condi- 
tions which  lessen  constitutional  strength  predispose  to  the  disease. 
The  exciting  causes  of  acute  myelitis  seem  also  capable  of  giving  rise 
to  the  chronic  form,  usually  when  acting  for  a  considerable  time,  or 
frequently  repeated.  Thus  while  a  single  intense  exposure  to  cold 
may  produce  acute  myelitis,  frequent  habitual  exposure  may  cause 
the  chronic  form.  Repeated  over-exertion  has  also  seemed  efEective 
in  some  cases.  Sexual  excess  has  been  thought  to  be  a  cause,  but  on 
less  clear  evidence.  Chronic  alcoholism  certainly  sometimes  excites 
chronic  myelitis,  usually  in  association  with  chronic  meningitis ;  the 
inflammation  that  results  from  this  cause  is  often  more  rapid  in  onset 
than  most  other  forms  and  sometimes  deserves  the  name  subacute 
rather  than  chronic.  Lead-poisoning  is  said  to  be  also  an  occasional 
cause.  Chronic  myelitis  may  be  secondary  to  other  processes,  as,  for 
instance,  to  chronic  meningitis.  The  inflammation  that  results  from 
pressure  on  the  cord  may  be  chronic  as  well  as  acute.  Lastly,  acute 
inflammation  may  pass  into  a  chronic  stage,  in  which  the  damage  to 
the  cord  not  only  persists  but  slowly  increases. 

Pathological  Anatomy. — The  morbid  appearances  vary  much  in 
the  different  forms.  In  most  cases  the  disease  is  visible  to  the  naked 
eye  by  a  grey  discolouration  of  the  white  substance,  from  which  the 
grey  matter  maybe  indistinguishable.  The  tint  may  be  visible  on  the 
surface,  even  through  the  pia  mater,  which  may  be  thickened  at  the 
spot.  The  consistence  of  the  affected  area  may  be  lessened  or  in- 
creased ;  when  diminished,  small  cavities  sometimes  exist  in  it.  Earely 
there  is  a  slight  increase  in  the  size  of  the  affected  part.  In  some 
recorded  cases  in  which  there  was  a  great  increase  in  size,  it  is  pro- 
bable that  an  infiltrating  glioma  has  been  mistaken  for  chronic  inflam- 
mation. In  many  cases,  especially  when  the  affected  part  is  indurated, 
it  is  also  shrunken,  and  the  shape  of  the  cord  may  be  changed,  as  in 
Figs.  95,  B,  in  which  almost  the  whole  of  one  half  of  the  cord  is  intensely 
damaged.  When  there  is  one  considerable  focus  of  disease  there  are 
often  other  slighter  foci  in  the  neighbourhood.  In  what  is  called  the 
diffuse  form,  areas  of  disease  may  be  scattered  through  almost  the 
whole  extent  of  the  cord.  It  begins  at  many  separate  places,  and 
so  is,  strictly  speaking,  disseminated,  but  the  areas  of  inflammation 
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may  blend,  so  that,  in  the  ultimate  distribution,  it  is  a  diffuse  in- 
flammation. In  the  secondary  form,  the  inflammation  is  usually 
confined  to  the  neighbourhood  of  the  morbid  process  which  causes  it. 


Fig.  94 


Fia.  95. 


Fig.  94.— Chronic  myelitis.  (After  Charcot  and  Gombault.)  B,  section  at 
the  level  of  the  third  dorsal,  shows  both  the  posterior  columns  and  whole  of 
left  half  inflamed,  except  the  inner  part  of  the  anterior  column.  The  affected 
part  was  grey  and  uniform  in  aspect,  vascular,  and  fii-mer  than  normal.  Pia 
mater  and  arachnuid  thickened.  A,  section  from  cervical  enlargement, 
showing  secondary  degeneration  in  the  post.  med.  columns.  Similar  foci 
existed  in  the  pons,  &c.* 

Fig.  95.— Chronic  sclerotic  myelitis.  (After  Troisier.)  A,  posterior  view  of 
the  affected  part,  lower  dorsal  region.  The  diseased  areas  were  grey  in 
aspect  and  are  indicated  by  shading.  B,  middle  of  lesion,  showing  exten- 
sive damage ;  C,  2^  cm.  higher  up,  slighter  damage ;  D,  cervical  region 
ascending  degeneration,  post.  med.  cols.,  and  a  spot  of  disease  in  lateral 
column  (probably  part  of  the  ascending  ant.-lat.  tract,  secondarily  de- 
generated).   E,  lower  part  of  lesion.    (See  next  figure).t 

That  which  is  secondary  to  meningitis  is  most  intense  in  the  peripheral 
part  of  the  cord,  sometimes,  however,  extending  deeply,  especially  when 
the  cause  of  the  meningitis  is  one,  such  as  alcoholism,  capable  also  of 
giving  rise  to  myelitis.  In  this  condition  almost  the  whole  thickness 
of  the  cord  may  be  involved  (cf.  a  and  b,  Fig.  97).  Now  and  then, 
when  there  is  no  primary  meningitis,  the  superficial  layers  of  the  cord 

*  The  patient  had  had  syphilis  twenty-one  years  before.  The  spinal  symptoms 
slowly  developed  during  fifteen  months  and  consisted  in  paralysis  with  hyper- 
esthesia on  the  left  side,  with  loss  of  sensibility  without  paralysis  in  the  right,  and  a 
band  of  anaesthesia  to  pain  around  the  thorax  ut  the  level  of  the  lesion,  but  the 
mental  dulness  of  the  patient  prevented  accurate  observation  during  the  last  few 
months  of  her  life.    (Charcot  and  Gombault,  'Arch,  de  Phys.,'  1873,  vol.  v,  p.  143.) 

t  1  he  patient  was  a  woman  forty  years  of  age.  The  symptoms  slowly  developed 
during  the  three  years  before  death,  and  consisted  of  weakness  with  rigidity  in  the 
left  eg  and  impaired  sensibility  in  the  right,  first  of  the  temperature  sense  and  after- 
wards  of  touch.  No  observations  were  made  on  sensibility  during  the  last  fifteen 
months  of  the  patient's  life,  during  which  the  lesion  was  slowly  progressing.  (Troisier 
Arch,  de  Physiologic,'  1873,  vol.  v,  p.  716,  Case  2.) 
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are  chiefly  damaged,  a  form  that  has  been  termed  chronic  annular 
myelitis  or  annular  sclerosis  because  the  inflammation  extends  like  a 
ring  around  the  cord. 

The  microscope  shows  that  the  inflammation  is  essentially  interstitial. 
The  affected  areas  stain  deeply  with  carmine  in  consequence  of  the 
increase  in  the  connective  tissue.  The  parts  most  altered  may  be 
occupied  by  a  dense  fibrous  reticulum,  in  which  few  nerve-elements 
can  be  discovered,  as  in  Fig.  96.  In  less  affected  parts  of  the 
white  columns  there  is  an  irregular  increase  of  the  interstitial  tissue, 
which  has  in  part  a  fibrillated  aspect,  in  part  the  appearance  of 
"an  amorphous  substance,  studded  with  nuclei  (Fig.  96,  upper  small 


Fi&.  96.— Chronic  sclerotic  myelitis,  same  case  as  Fig.  95 ;  section  near  B,  reversed. 
Almost  the  whole  left  half  of  the  cord  (right  in  the  figure)  is  changed  into  a 
dense  mass  of  shrunken  connective  tissue,  and  the  right  half  is  being  invaded  in 
many  parts  by  the  same  process.  The' upper  small  figure  is  from  the  posterior 
column,  showing  a  thickened  vessel  surrounded  by  nucleated  tissue,  among  which 
lie  nerve-fibres,  many  of  them  much  smaller  than  normal  and  some  with  swollen 
axis-cylinders.  The  lower  small  figure  is  from  the  right  anterior  column  (left  in  fig.), 
the  pia  mater  is  thickened  and  contains  many  nuclear  elements ;  from  it  thick 
trabeculse  extend  into  the  white  substance  and  enclose  spaces,  from  many  of  which 
tbe  nerve-fibres  have  perished.* 

figure),  while  in  other  parts  there  may  be  many  nucleated  cells,  oval, 
fusiform,  or  stellate.  The  large  stellate  "  spider  cells "  are  some- 
times very  conspicuous.  The  nerve-fibres  waste  before  the  interstitial 
process.  Sometimes  they  at  first  undergo  the  change  mentioned  in 
the  account  of  acute  myelitis,  by  which  the  myelin  stains  more  deeply 
than  normal ;  afterwards  the  white  substance  becomes  narrowed,  and 
the  axis-cyhnder  irregularly  swollen,  and  ultimately  many  or  all  the 
fibres  disappear  from  the  affected  area.  Here  and  there  the  destruction 

#  From  a  section  by  Prof.  Pierret,  kindly  lent  me  by  Dr.  Dreschfeld. 
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of  fibres  may  be  out  of  proportion  to  the  interstitial  growth,  so  that 
thickened  and  granular  trabeculae  enclose  empty  spaces.  This  is  seen 
in  the  lower  small  illustration  in  Fig.  96,  which  also  shows  the 
thickening  of  the  pia  mater  over  the  affected  area.  In  the  recent  state, 
products  Of  degeneration,  granule  corpuscles,  &c.,  may  be  found 
abundantly  near  the  altered  regions.  The  walls  of  the  vessels  are 
thickened,  and  sometimes  the  lumen  of  small  arteries  may  be  oblite- 
rated.   Around  the  arteries  the  increase  of  interstitial  tissue  is  often 


Pia.  97.— Chronic  meningo- myelitis,  due  to  alcoholism.  Syringo-myelia 
A,  lowest  part  of  cervical  enlargement ;  pia  mater  thickened,  and  from 
it  tracts  of  tissue  extend  into  the  cord.  The  greater  part  of  the  section 
IS  the  seat  of  a  difPuse  myelitis,  in  which  the  nerve-fihres  could  be  seen 
with  difficulty,  and  were  separated  by  inflammatory  products.  The  srev 
matter  was  also  affected,  and  the  nerve-cells  much  changed.  The  clear 
spaces  in  the  right  ant.  cornu  appeared  occupied  by  products  of  defene- 
ration. Central  canal  greatly  dilated  and  surrounded  by  new  erowth 
which  m  B  (lumbar  section)  has  obliterated  the  canal  and  thus  caused 
Its  di  atation  above.  In  this  section  the  myeUtis  is  chiefly  peripheral 
and  the  grey  matter  has,  for  the  most  part,  escaped.  ^  f 

most  intense,  and  it  seems  to  spread  thence  into  the  adjacent  struc- 
tures.  Undue  significance  has  been  attached  to  this  condition  in  old 
patients  with  arterial  degeneration ;  it  has  been  regarded  as  evidence 

16 
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tliat  arterial  disease  sets  up  the  myelitis  (Demange),  but  it  is  a  common 
appecarance  in  all  forms  of  chronic  myelitis  and  also  in  the  later  stages 
of  acute  inflammation.  In  the  grey  substance  there  is  a  similar  increase 
of  connective-tissue  elements,  so  that  the  altered  part  takes  a  deeper 
stain  with  carmine  than  the  normal  grey  substance.  The  nerve- 
elements  become  atrophied,  the  ganglion  cells,  at  first  swollen  and 
globular,  afterwards  shrink,  until  ultimately  they  may  be  reduced  to 
small  angular  bodies,  and  they  even  may  disappear.  The  nuclear 
corpuscles  about  the  central  canal  are  often  increased  in  quantity,  and 
the  canal  obliterated,  but  this  condition  is  so  common  in  otherwise 
normal  cords,  that  no  importance  can  be  attached  to  it.  A  considerable 
increase  of  tissue  about  the  central  canal,  closing  it  below  and  causing 
it  to  be  dilated  above  (Fig.  97),  "  syringo-myeHa,"  has  been  ascribed 
to  chronic  inflammation  around  the  canal,  but  the  new  tissue  is  probably 
of  the  nature  of  a  growth,  and  it  is  doubtful  whether  the  condition 
results  from  simple  inflammation. 

In  chronic  meningo-myelitis  (Fig.  97)  the  pia  mater  is  greatly 
thickened,  and  dense  tracts  of  tissue  may  pass  from  it  into  the  super- 
ficial layers  of  white  substance.  From  these  a  slighter  interstitial 
overgrowth  extends  in  various  directions.  As  already  mentioned,  this 
change  may  be  accompanied  by  a  deeper  and  sometimes  a  more  diffuse 
inflammation,  as  in  a,  Fig.  97,  in  which  the  affection  of  the  cord  is 
greater  and  that  of  the  membranes  less  than  in  b.  The  chronic  myelitis 
that  occurs  in  syphilitic  subjects  may  present  no  specific  characters. 
In  some  cases,  however,  the  cell-formation  has  been  abundant  and  has 
been  associated  with  a  tendency  to  fatty  degeneration  in  the  older 
portions  of  the  lesion.  The  condition  is,  however,  clearly  one  of 
chronic  inflammation,  and  not  of  a  syphilitic  growth.* 

The  less  chronic  the  inflammation,  the  larger  is  the  proportion  of 
cells  and  nuclei  in  the  interstitial  tissue  ;  the  more  chronic,  the  greater 
the  fibrillation  it  presents,  and  the  firmer  the  consistence  of  the  altered 
part.  The  very  chronic  indurating  forms  are  sometimes  called  "  sclerotic 
myelitis,"  or  "focal  sclerosis  of  the  cord."  From  the  various  areas 
of  inflammation  secondary  degenerations  proceed,  ascending  or 
descending,  and  these  may  complicate  the  aspect  of  the  disease  at 
higher  or  lower  levels. 

Symptoms. — The  symptoms  of  chronic  myelitis  vary  much  according 
to  the  character  of  the  morbid  process.  Different  cases  may  manifest 
almost  every  symptom  that  can  be  produced  by  disease  of  the  spinal 
cord,  aciTte  spasm  alone  excepted.  Severe  pain,  however,  is  not 
common.  There  may  be  various  motor  and  sensory  paralyses,  con- 
tractures, and  even  muscular  atrophy.  The  common  feature  of  all 
cases  is  the  slow,  gradual,  and  often  successive  development  of  the 
symptoms.    In  one  of  the  most  common  fonns,  focal  myelitis  of  the 

*  See  Moxon,  '  Guy's  Hosp.  Reports/  1871,  and  Charcot  and  Gombnult,  'Arch,  de 
Phjysiologie/  1873. 
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dorsal  region,  partial  or  transverse,  the  symptoms  are  paraplegic. 
They  are  the  same  if  there  is  a  single  area  of  disease  or  if  several  foci 
develop  near  together.    Motor  power  is  usually  impaired  far  more 
than  sensibility.    Subjective  sensations  are  often  prominent  and  early 
symptoms,  whether  there  is  ansesthesia  or  not, — tingling,  "  -pins  and 
needles  "  in  the  legs,  a  sensation  as  if  fur  or  wool  covered  the  skin, 
sometimes  with  dull  pain  in  the  legs  and  back,  especially  after  exertion, 
and  commonly  also  a  well-marked  girdle-pain  at  the  level  of  the  lesion. 
The  onset  of  the  motor  weakness  is  very  gradual ;  the  patient  gets 
tired  sooner  than  before,  and  actual  weakness  gradually  forces  itself 
on  the  patient's  notice.  Months,  sometimes  years,  pass  before  the  power 
of  walking  is  considerably  impaired.    As  the  legs  get  weak,  excess  of 
reflex  action  usually  develops,  with  the  myotatic  excess  that  indicates 
a  descending  degeneration  of  the  motor  fibres.    The  knee-jerk  becomes 
increased  and  a  foot-clonus  can  not  only  be  obtained,  but  occurs  from 
time  to  time  when  the  legs  are  in  certain  positions,  and  a  tendency  to 
spasm  gradually  develops.    The  sphincters  usually,  but  not  always, 
share  the  impairment  of  voluntary  power.  Sensation  may  be  unaffected, 
but  more  often  some  loss  is  found,  by  a  careful  examination,  to  touch, 
or  pain,  or  temperature,  and  sometimes  the  impairment  is  considerable 
in  degree.    When  there  are  several  foci  of  disease,  some  functions 
may  be  much  more  impaired  than  others.    Thus  the  usual  rule  may 
be  reversed,  and  sensibility  may  be  more  affected  than  motion.  The 
symptoms  may  come  on  simultaneously  in  the  two  legs,  or  one  may  be 
affected  before  the  other,  and  occasionally  the  paralysis  reaches  a  high 
degree  in  one  leg  while  the  other  still  possesses  fair  strength.    This  is 
the  case  when  one  half  of  the  cord  is  affected  in  considerable  degree, 
as  in  the  lesion  shown  in  Fig.  96.    There  may  then  even  be  a  crossed 
paralysis  of  motion  and  sensation. 

If  chronic  myelitis  develops  in  the  cervical  and  lumbar  enlargement, 
the  symptoms  are  often  very  irregular  in  distribution,  and  mus- 
cular wasting  is  usually  added  to  the  other  symptoms.  This  occurs 
in  the  widespread  diffuse  form.  In  this,  irregular  muscular  wast- 
ing may  be  the  most  prominent  symptom,  but  it  is  always  combined 
with  other  symptoms,  palsy  and  ansesthesia,  also  irregular  in  extent 
and  seat.  The  muscular  atrophy  may  be  attended  by  a  slow  failure 
of  electrical  irritability  to  both  currents,  but  often  some  voltaic  irri- 
tabUity  in  the  muscular  fibres  persists  longer  than  the  faradaic 
urritability  of  the  nerve-fibres,  and  sometimes  there  is  a  well-marked 
degenerative  reaction.  The  symptoms  may  commence  in  the  anns  or 
m  the  legs,  but  they  ultimately  become  general  in  most  cases,  and, 
accordmg  to  the  place  of  their  commencement,  may  seem  to  have  an 
ascending  or  descending  course.  The  cases  were  described  by  Duchenne 
under  the  name  of  "  general  spinal  paralysis."  In  rare  cases  of  this 
character,  m  which  the  disease  is  limited  to  the  white  substance  of  the 
cord,  there  may  be  Uttle  or  no  muscular  wasting,  but  extensive  paralysis 
and  contracture,  with  increased  myotatic  irritability.  Occasionally 
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the  disease  begins  in  the  dorsal  region,  and  after  a  time,  perhaps  years, 
it  spreads  to  the  enlargements. 

The  course  of  chronic  myelitis  is  usually  slow  and  progressive.  The 
symptoms  often  increase  very  gradually  and  may  only  attain  a 
considerable  degree  at  the  end  of  two  or  three  years.  At  any  stage 
the  progress  of  the  disease  may  undergo  arrest.  The  chronic  course 
may  be  varied  by  occasional  more  rapid  increase  of  the  symptoms,  due 
to  subacute  or  even  acute  processes  in  the  diseased  part.  Every  degree 
of  chronicity  is  met  with,  and  subchronic  cases,  in  which  the  symptoms 
develop  in  the  course  of  a  few  months,  effect  a  gradation  to  the  acute 
and  subacute  forms  of  myelitis.  The  duration  of  the  disease  varies 
from  six  months  to  twenty  years  or  more.  Thus  in  one  case  the 
symptoms  slowly  increased  during  about  seven  years,  and  then  became 
stationary,  and  the  patient  died  twenty-three  years  after  the  onset. 

Diagnosis. — The  diagnosis  of  chronic  myelitis  rests  on  the  slow  deve-  • 
lopment  of  symptoms  indicating  a  random  process  in  the  spinal  cord, 
i.e.  a  process  which  damages  irregularly  structures  of  various  functions 
and  thus  cannot  be  looked  on  as  a  "  system-disease."  The  maladies 
from  which  chronic  myelitis  has  to  be  distinguished  differ  according  to 
the  seat  and  character  of  the  inflammation.  Dorsal  ti*ansversp  or  focal 
myelitis  may  be  confounded  with  compression  of  the  cord  and  with 
primary  spastic  paraplegia.  The  distinction  from  compression  rests 
on  the  absence  of  a  cause  of  compression,  such  as  bone  disease,  and 
the  absence  also  of  the  signs  of  a  morbid  process  outside  the  cord, 
preceding  those  of  damage  to  the  cord  itself.  Such  signs  are  chiefly 
the  irritation  of  nerve-roots  ;  in  myelitis  such  irritation  is  never  intense 
and  is  often  absent,  whereas  it  is  usually  a  pi-ominent  symptom  in 
all  cases  of  compression.  A  tumour  within,  the  spinal  cord  also 
causes,  in  most  cases,  more  irritation  of  the  nerve-roots  than  does 
chronic  myelitis.  If  myelitis  involves  one  half  of  the  cord  much 
more  than  the  other,  the  symptoms  may  closely  resemble  those  of 
an  intramedullary  growth.  But  a  tumour  never  causes  considerable 
damage  to  one  half  of  the  cord  without  interfering  considerably  with 
the  functions  of  the  other  half,  and  the  symptoms  in  chronic  myelitis 
may  be  strictly  unilateral.  The  distinction  from  primary  spastic 
paraplegia,  the  so-called  "primary  lateral  sclerosis,"  is  often  one  of 
great  difficulty.  The  motor  state  of  the  legs  may  be  identical  in  the 
two  diseases ;  in  each  there  is  the  same  extensor  spasm,  and  in  each 
there  is  a  slow,  gradual,  and  apparently  simultaneous  onset  of  the 
weakness  and  spasm.  The  distinction  is  that  in  primary  spastic 
paraplegia  the  symptoms  are  purely  motor ;  there  is  no  indication  that 
the  lesion  extends  beyond  the  motor  structures.  In  chronic  myelitis, 
on  the  other  hand,  there  is  such  indication,  either  by  the  impairment 
of  sensation,  or  by  the  presence  of  a  girdle-pain.  This  distinction  is 
sufficient  in  the  majority  of  cases.  But,  as  we  shall  see  when  we 
consider  primary   spastic   paraplegia,  the  pathological  distinction 
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between  the  two  diseases  is  not  weli  defined,  is  indeed  less  definite  than 
is,  in  the  majority  of  cases,  the  clinical  distinction. 

The  diffuse  form  of  chronic  myelitis  has  to  be  distinguished 
chiefly  from  pachymeningitis  and  degenerative  muscular  atrophy. 
In  pachymeningitis,  the  muscular  wasting  may  be  similar,  but 
anaesthesia  is  usually  much  more  considerable  in  range  and  in  degree, 
and  there  is  often  much  more  pain  in  the  back.  If  there  are  similar 
symptoms  in  both  arms  and  legs',  myelitis  is  far  more  probable  than 
pachymeningitis,  since  chronic  inflammation  of  the  membranes  is  less 
extensive  than  that  of  the  cord.  From  progressive  muscular  atrophy 
the  chief  difference  is  in  the  random  distribution  of  the  wasting,  the 
absence  of  symmetry,  and  the  indications  of  irregular  damage  to  other 
structures  in  the  cord.  Sensory  symptoms  are  rarely  absent  in  this 
form  of  chronic  myelitis,  while  in  progressive  muscular  atrophy,  they 
are  limited  to  occasional  dull  rheumatoid  pain. 

Prognosis. — Chronic  myelitis  is  a  very  grave  disease,  on  account  of 
the  intractability  of  the  morbid  process,  and  the  persistence  of  damage 
which  is  slowly  produced.  In  acute  inflammation  there  is  not  only  a 
possibility  of  repair,  but  there  is  a  tendency  to  it,  which  is  absent  in 
the  chronic  process.  Hence,  while  arrest  of  the  disease  occurs  not 
unf requently,  considerable  recovery  is  rare.  The  prospect  of  improve- 
ment is  equally  small,  whatever  is  the  seat  or  extent  of  the  disease. 
The  prognosis,  however,  is  less  unfavorable  the  less  chronic  the 
development  of  the  disease,  and  the  shorter  the  time  the  symptoms 
have  lasted.  Preceding  syphilis  does  not  materially  modify  the 
prognosis  ;  hence  the  great  importance  of  the  diagnosis  from  syphilitic 
growth,  in  which  suitable  treatment  has  a  most  certain  effect.  The 
danger  to  life  is  least  in  focal  myelitis  in  the  dorsal  region ;  in  the 
diffuse  form  the  ultimate  danger  to  life  is  great,  but  I  have  seen  several 
cases  in  which  the  morbid  process  was  permanently  arrested.  In 
chronic  myelitis,  as  in  all  other  diseases  of  the  spinal  cord,  the  prognosis 
is  rendered  worse  by  the  presence  of  any  of  the  complications  which  so 
often  terminate  liEe. 

Treatment, — The  first  and  most  important  measure  is  the  improve- 
ment of  the  general  health,  by  rest,  change  of  air,  and  tonics.  All 
causes  of  physical  and  mental  depression  must,  as  far  as  possible,  be 
removed.  Over-exertion,  and  even  fatigue,  should  be  avoided,  and 
the  patient  should  be  kept,  as  far  as  possible,  from  exposure  to  cold. 
Absolute  rest  for  a  short  time  is  often  useful  at  the  outset  of  the 
treatment,  especially  when  there  has  been  a  somewhat  rapid  develop- 
ment of  symptoms.  In  cases  of  purely  chronic  course,  absolute  rest 
should  not  be  maintained  for  more  than  ten  days  or  a  fortnight,  or  the 
patient  may  find  it  hard  to  regain  his  former  muscular  power.  Counter- 
irritation  at  the  situation  of  the  disease  is  often  useful,  and  most  so  in 
cases  in  which  there  is  spinal  pain  or  tenderness.    Eepeated  sinapisms, 
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blisters,  or  a  mild  form  of  the  actual  cautery  may  be  employed. 
A  hot  douche  to  the  back,  at  a  temperature  of  100°  to  104°  F.,  applied 
daily,  has  been  strongly  recommended  by  Brown- Sequard.  Warm 
brine  baths,  and  various  thermal  mineral  waters,  have  been  also  said 
to  do  good.  A  sea  voyage  is  often  of  service,  combining  as  it  does 
the  maximum  of  fresh  air  with  the  minimum  necessity  for  exertion. 
Of  tonics,  quinine  and  iron  are  the  most. useful.  Drugs  have,  un- 
fortunately, but  little  direct  influence"  on  the  morbid  process.  Those 
which  most  deserve  a  trial  are  arsenic,  very  small  doses  of  mercury 
(such  as  ^i^th  gr.'  of  the  red  iodide),  and  iodide  of  iron.  Energetic 
mercurial  treatment  rarely  does  good,  even  when  the  patient  has  had 
syphilis,  and  sometimes  it  does  harm.  Iodide  of  potassium  seems  to 
have  little  influence  on  the.  disease.  Nitrate  of  silver,  ergot,  and 
phosphorus  have  been  recommended.  Strychnia  is  chiefly  useful  in 
cases  in  which  there  is  muscular  wasting.  The  treatment  of  symptoms 
is  that  suitable  in  primary  spastic  paraplegia  and  progressive  muscular 
atrophy,  and  described  in  the  account  of  those  diseases. 


COMPRESSION  OF  THE  SPINAL  COED. 

Compression  of  the  spinal  cord  is  a  common  consequence  of  various 
morbid  processes.  Inflammation  is  almost  always  excited  by  the 
pressure,  and  interference  with  function  occurs,  partly  from  the 
pressure  and  partly  from  the  resulting  myelitis.  The  symptoms  pro- 
duced have,  in  different  cases,  many  characters  in  common,  although 
they  vary  according  to  the  character  of  the  compression,  and  the 
acuteness  of  the  inflammation. 

Causes. — The  morbid  processes  that  may  compress  the  cord  are 
numerous.  Most  of  them  have  been  already  described.  They  are  as 
follows : — Disease  of  the  bones  of  the  spinal  column,  especially  caries  ; 
growths  in  the  spine;  aneurism  eroding  the  bones  and  then  com- 
pressing the  cord ;  growths  in  the  membranes ;  thickening  of  the  dura 
mater.  These  processes  have  usually  only  a  small  vertical  extent, 
rarely  exceeding  a  few  inches.  Occasionally  their  vertical  extent  is 
greater,  but  even  then  the  chief  pressure  is  usually  confined  to  a 
small  area. 

Pathological  Anatomy. — The  cord  usually  presents  evidence  of 
the  compression  it  has  endured  in  considerable  narrowing  at  the  spot 
compressed,  where  it  may  be  indented,  flattened,  or  cylindrical. 
Sometimes  the  reduction  in  size  is  extreme;  for  an  inch  or  so  the 
cord  may  be  reduced  to  one  third  of  its  normal  diameter,  and  it  has 
even  been  found  no  thicker  than  a  crowquill.    An  example  of  flat* 
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teniug  is  shown  in  Pig.  98.    On  the  other 
hand,  there  is  sometimes  very  httle  narrow- 
ing visible  after  the  removal  of  the  cord. 
At  the  compressed  part  the  cord  is  usually 
grey  in  tint ;  its  consistence  is  lessened  in 
early  cases,  and  increased  in  those  of  long 
duration.    The  change  in  colour  and  con- 
sistence are  due  to  the  inflammation  of  the 
substance  of  the  cord  which  always  results 
from  pressure,  and  may  often  be  traced 
for  some  distance  above  and  below  the  com- 
pressed part.  When  there  is  much  compres- 
sion there  is  always  much  inflammation,  but 
considerable  myelitis  may  occur  when  the 
amount  of  compression  is  slight.    The  in- 
flammation may  be  chronic  and  slow,  deve- 
loping in  proportion  to  the  pressure,  or  it 
may  be  subacute  or  acute,  even  when  the 
pressure  is  gradual.    The  signs  of  inflam- 
mation are  very  distinct  on  microscopical 
examination,  and  resemble  those  in  other 
forms  of  myelitis.    There  is  a  general  in- 
crease in  the  interstitial  tissue ;  in  this,  at 
fii'st,  various  cell-forms  may  be  found,  but 
it  ultimately  presents  the  appearance  of  a 
dense  reticulum.  The  nerve-elements  un- 
dergo degeneration,  and  abundant  masses  of 
myelin,  granule  corpuscles,  and  corpora  amy- 
lacea  are  visible  in  the  fresh  state  or  in 
glycerine  preparations  of  the  hardened  cord 
(Fig.  99,  c) .  Many  nerve-fibres  persist,  how- 
ever, with  a  narrowed  sheath  of  myelin,  and 
it  is  probable  that  these  regain  the  power  of 


Fig.  98. — Compression  of  the  spinal  cord  and  pres- 
sure-myelitis, in  a  case  of  caries  of  the  spine.  D, 
Mid-dorsal  region,  near  the  chief  point  of  greatest 
compression;  the  cord  is  narrowed  from  before 
backwards,  and  is  uniformly  damaged  by  inflamma- 
tion, so  that  the  grey  substance  can  scarcely  be  dis- 
tinguished. C,  1^  inches  higher  up,  shows  a  slighter 
degree  of  myelitis,  still  extending  through  the 
whole  thickness  of  the  cord.  B,  Tirst  dorsal ;  the  myelitis  is  much  slighter  and  the 
chief  disease  is  in  the  posterior  columns,  in  which  ascending  degeneration  occupies 
the  post.-median  columns  and  extends  outwards  into  the  post.-external  columns. 
E,  li  inches  below  the  point  of  greatest  pressure ;  inflammation  still  extending 
through  all  the  elements  of  the  cord.  F,  2  inches  lower  down,  shows  only  de- 
scending degeneration  in  the  pyramidal  tracts,  anterior  and  lateral,  and  also  the 
"  comma-shaped  "  descending  degeneration  in  the  anterior  part  of  the  post.-external 
column.  In  G,  at  the  lowest  part  of  the  dorsal  region,  the  comma-shaped  degene- 
ration has  ceased,  and  only  tliat  of  the  pyramidal  tracts  remains.  (Prom  prepara- 
tions by  Dr.  F.  G.  Penrose.) 
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conducting,  in  spite  of  tlie  peiisistence  of  considerate,  and  even  dense 
sclerosis  in  the  part.  In  extreme  cases  all  the  fibres  seem  to  be 
destroyed  at  the  point  of  chief  compression,  but  there  is  never  an  actual 
division  of  the  cord  itself.  The  'grey  matter  can  scarcely  be  dis- 
tinguished from  the  white,  even  with  the  microscope,  and  the  ganglion 
cells  become  shrunken  and  atrophied.  The  walls  of  the  small  vessels 
are  often  thickened  by  a  growth  of  spindle  cells,  more  or  less  concentric 


Pia.  99. — Pressure-myelitis :  portions  of  the  section  D  in  Fig.  98  more 
highly  magnified.  A,  from  the  grey  matter,  numerous  angular  and 
fusiform  cells  j  vessels  with  walls  thickened  by  a'  growth  of  cells,  nar- 
rowing the  cavity,  which  in  some  is  obliterated.  B,  from  the  white 
column ;  thickening  of  the  interstitial  tissue,  nerve-fibres  in  part 
destroyed,  in  part  narrowed ;  a  vessel  with  thickened  walls.  C,  glycerine 
preparation  from  white  substance,  abundant  products  of  degeneration  of 
the  nerve-fibres,  in  part  aggregated  into  granule-masses.  D,  section  of 
a  nerve-root  passing  by  compressed  area ;  increase  of  interstitial  tissue, 
many  nerve-fibres  narrowed,  some  with  swollen  axis-cylinders. 

to  the  cavity,  which  is  encroached  upon  and  may  be  obliterated  (Fig. 
99  A,  b),  a  process  that  must  add  to  the  degree  of  damage  to  the  cord. 
The  signs  of  inflammation  gradually  lessen  above  and  below  the  com- 
pressed part,  but  often  extend  for  some  inches  in  eaeh  direction. 
Beyond  its  limits  the  usual  ascending  and  descending  degenerations 
may  be  traced  (Fig.  98).  The  nerve-roots  passing  by  the  seat  of  com- 
pression suffer  from  the  pressure,  and  from  interstitial  inflammation 
excited  in  them.  They  are  usually  grey  in  tint  and  ultimately  waste, 
and  may  even  be  reduced  to  fibrous  threads.  The  microscope  shows 
increase  of  the  interstitial  tissue,  and  wasting  of  many  nerve-fibres 
(Fig.  99,  d),  and  enlargement  of  some  axis-cylinders. 
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Symptoms. — The  effects  vary  mucli  according  to  the  degree  of  pres- 
sure, its  rapidity,  its  direction,  the  amount  and  character  of  the  inflam- 
mation produced,  the  amount  of  damage  to  the  nerve-roots,  and  the 
position  of  the  disease.  The  symptoms  in  most  cases  enable  the  fact 
of  slow  compression  to  be  inferred,  even  when  there  is  no  indication  of 
the  cause  of  the  compression. 

The  symptoms  are  of  twp  classes,  and  it  is  the  combination  of  these 
that  is  the  special  characteristic  of  the  process.  The  first  is  the  inter- 
ference with  the  function  of  the  nerve-roots  at  the  level  of  the  morbid 
process ;  the  second  is  the  interference  with  the  functions  of  the  cord 
itself.  We  may  term  them  the  "  root  symptoms  "  and  the  "  cord 
symptoms."  The  cord  symptoms  consist  chiefly  in  impaired  conduc- 
tion, manifested  in  the  parts  below  the  lesion.  The  central  functions 
of  the  cord  (reflex  action,  &c.)  at  the  level  of  the  lesion  are  abolished 
by  the  pressure,  but  the  symptoms  of  this  abolition  are  often  lost  in 
those  of  the  damage  to  the  nerve-roots. 

The  first  class  consists  of  symptoms  of  irritation  and  interruption  of 
the  nerve-roots.  The  most  constant  is  pain,  extending  along  the 
course  of  the  nerve-fibres,  and  through  the  area  of  their  distribution. 
The  seat  of  these  pains  depends  on  the  position  of  the  disease ;  they 
may  be  felt  in  the  arms,  around  the  thorax  or  abdomen,  or  in  the 
legs.  They  are  usually  sharp  pains,  resembling  neuralgia  in  character, 
sometimes  attended  with  tender  points.  Occasionally,  when  felt  in 
the  hmbs,  they  are  referred  especially  to  the  joints.  The  pain  may 
be  intermitting  or  constant.  It  is  sometimes  increased  in  a  remark- 
able degree  by  movement,  especially  when  the  cause  of  the  irritation  is 
a  growth  in  the  bones  of  the  spine.  With  the  pain  there  is  usually 
hypersesthesia  of  the  skin,  often  intense.  After  a  time  anaesthesia 
develops  in  irregular  areas,  in  spite  of  the  persistence  of  the  pain, 
"  ancesthesia  dolorosa."  Irritation  of  the  motor  nerve-roots  may  cause 
painful  contracture  of  the  muscles,  but  this  is,  on  the  whole,  rare,  and 
the  chief  motor  symptoms  are  due  to  the  interruption  of  the  fibres — 
muscular  weakness,  gradual  in  onset,  and  accompanied  by  wasting. 
The  rapidity  of  the  atrophy  varies  much,  and  with  it  the  electrical 
reaction.  When  slow  there  may  be  merely  a  progressive  diminution 
in  irritability  to  faradaism  and  voltaism ;  when  rapid  there  is  often  the 
degenerative  reaction,  and  sometimes  the  "mixed  form,"  from  the 
partial  damage  to  the  fibres  that  supply  a  muscle.  Occasionally, 
without  any  actual  loss  of  power,  the  patient  moves  the  part  but 
little,  on  account  of  the  increase  of  the  pain  that  movement  produces, 
—a  "pseudo-paralysis,"  as  it  has  been  termed. 

These  local  root  symptoms  are  usually  the  first,  and  to  them  are 
added,  after  a  time,  the  indications  of  interference  with  the  function 
of  the  cord  itself.  There  is  weakness  in  the  parts  below  the  lesion, 
commonly  developed  gradually,  but  sometimes  rapidly.  Paralysis 
may  even  come  on  in  the  course  of  a  few  hours,  when  an  acute  myelitis 
is  set  up  by  the  compression.    With  the  weakness  there  is  a  marked 
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and  early  increase  in  the  superficial  reflex  action,  more  constancly 
conspicuous  tlian  in  most  other  diseases  of  the  cord,  and  therefore  of 
some  diagnostic  importance.  The  myotatic  irritability  is  also  increased, 
the  foot-clonus  being  almost  always  present.  Pains  in  the  legs  may 
occui-,  even  when  the  disease  is  above  tbe  lumbar  enlargement,  usually 
dull  and  aching.  There  is  often  formication  and  tingling.  There  may 
be  no  impairment  of  sensibility  in  the  parts  below  the  lesion,  even 
when  there  is  complete  motor  palsy ;  in  many  cases,  however,  there  is 
some  sensory  loss,  complete  only  when  the  spinal  lesion  is  very  severe. 
Condiiction  of  painful  impressions  may  be  delayed,  sometimes  for 
thirty  or  even  forty  seconds.  When  the  pressure  is  lateral,  one  leg 
may  be  first  and  most  affected,  but  the  other  side  is  usually  soon 
involved,  since  neither  the  mechanical  effect  nor  the  inflammation 
remains  limited  to  one  side  of  the  cord.  The  sphincters  are  often 
affected.  The  tendency  to  the  formation  of  bedsores  is  rarely  great, 
unless  the  lumbar  enlargement  is  compressed  or  myehtis  descends 
into  it. 

The  course  of  the  symptoms  varies  according  to  that  of  their  cause. 
When  an  acute  myelitis  has  been  set  up,  improvement  may  occur  for 
a  time  even  if  the  cause  of  pressure  is  slowly  progressive.  This  is  true 
also  of  root  symptoms  when  they  are  rapidly  developed.  If  the  com- 
pression ceases  to  increase,  the  cord  may  recover  its  conducting 
function,  although  it  remains  narrowed.  Sensation  is  often  regained 
in  the  legs  when  motion  remains  absent,  but  both  motion  and  sensation 
may  be  regained  although  the  narrowing  of  the  cord  persists.  It  has 
even  been  found  no  larger  than  a  goosequill  at  the  compressed  spot, 
although  the  paraplegia  had  passed  away.  In  such  a  case  many 
narrowed  nerve-fibres  are  found  in  the  section  of  the  compressed  por- 
tion, and  it  is  probable  that  many  axis-cylinders  persist  with  an 
envelope  of  myelin  so  narrow  as  to  be  recognised  with  difl&culty,  but 
which  sufl&ces  for  their  conducting  function.  Under  slow  pressure  the 
axis-cylinders  may  not  suffer  interruption,  although  the  myelin  wastes. 
Regeneration  of  axis-cylinders,  as  in  the  peripheral  nerves,  is  also 
possible  (see  p.  223).  In  some  cases,  especially  when  a  considerable 
myelitis  has  been  set  up,  the  motor  path  may  recover  and  the  posterior 
columns  remain  affected,  so  that  power  returns,  but  without  co-ordi- 
nation, "secondary  ataxy"  resulting. 

The  Diagnosis  of  slow  compression  rests  on  the  concurrence  of  the 
root  and  cord  symptoms  already  described.  Of  the  former,  the  sensory 
symptoms  are  the  most  characteristic.  In  many  cases  other  indications 
of  the  compressing  disease  assist  the  diagnosis.  These  vary  in 
character ;  the  most  frequent  is  considerable  local  tenderness  of  the 
spine.  If  root  symptoms  are  absent  the  diagnosis  is  much  more  diffi- 
cult, unless  the  morbid  process  manifests  itself  externally.  If  there 
is  a  suspicion  of  compression  in  a  case  of  slow  paraplegia,  an  eai'ly  and 
considerable  excess  of  superficial  reflex  action  gives  additional  weight 
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to  the  suspicion.  Even  without  any  other  symptoms  to  indicate  com- 
pression, this  is  suggested  by  symptoms  which  begin  on  one  side  and 
gradually  spread  to  the  other. 

The  chief  disease  from  which  compression  of  the  spinal  cord  has  to 
be  distinguished  is  a  subacute  or  subchronic  transverse  myelitis. 
Besides  the  indications  of  a  cause  of  compression  already  mentioned, 
the  chief  distinction  depends  on  the  presence  of  symptoms  indicating 
irritation  of  the  nerve-roots,  and  especially  on  the  fact  that  these 
symptoms  precede  those  of  the  lesion  of  the  spinal  cord  itself.'  True 
chronic  myelitis  is  occasionally  attended  by  more  irritation  of  the 
nerve-roots  than  the  subacute  form,  but  this  succeeds,  instead  of 
preceding,  the  damage  to  the  cord,  and  the  course  of  chronic  myelitis 
is  often  much  slower  than  is  that  of  most  forms  of  slow  compression. 
The  distinction  from  a  growth  within  the  spinal  cord  rests  chiefly  on 
the  early  occurrence  of  impairment  of  the  central  and  conducting 
functions  of  the  cord,  and  the  partial  distribution,  and  often  slower 
course  of  the  symptoms.  The  effects  of  an  intramedullary  growth  vary 
widely  in  different  cases,  and  if  there  is  an  early  irritation  of  root-fibres, 
the  distinction  may  have  to  depend  on  the  presence  or  absence  of  the 
signs  of  a  compressing  process. 

The  diagnosis  of  the  cause  of  compression  is  often  much  more 
difficult  than  that  of  its  occurrence.  The  facts  that  the  patient  is  in 
the  first  half  of  life,  and  that  he  inherits  a  tubercular  tendency,  suggest 
caries.  The  absence  of  root  symptoms  is  also  in  favour  of  caries  or  a 
tumour  within  the  spinal  cord.  The  presence  of  root  symptoms  does  not, 
however,  render  caries  less  likely,  unless  the  pain  is  extremely  severe, 
and  is  greatly  increased  by  movement,  characters  that  should  always 
suggest  a  growth  in  the  bones  of  the  spine.  Root  symptoms  extending 
over  a  considerable  vertical  area  suggest  pachymeningitis.  Additional 
details  of  the  differential  diagnosis  will  be  found  in  the  account  of  the 
several  compressing  diseases. 

Prognosis  and  Treatment.— The  prognosis  depends  on  the  cause, 
and  the  amenability  of  this  to  treatment.  As  a  general  rule,  however, 
the  more  rapidly  the  cord  symptoms  develop,  the  more  chance  there 
IS  of  improvement,  because  the  greater  share  does  inflammation  take 
m  their  production.  The  treatment  is  that  of  the  cause  of  the 
compression  and  that  of  myelitis. 


ANTERIOR  POLIO-MYELITIS.    ATROPHIC  SPINAL 

PARALYSIS. 

In  certain  important  groups  of  diseases  of  the  spinal  cord,  wasting 
of  the  muscles  is  a  prominent  symptom.  In  all  the  lesion  involves, 
exclusively  or  in  part,  the  anterior  grey  cornua,  and  the  muscular 
atrophy  depends  on  the  destruction  of  the  nerve-cells,  from  which  the 
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axis-cylinders  of  the  motor  nerve-fibres  proceed.  These  fibres  dege- 
nerate, and  it  is  apparently  by  the  agency  of  this  degeneration  that 
the  atrophy  of  the  muscles  is  produced.  The  occurrence  of  the 
wasting  does  not  depend  on  the  nature  of  the  lesion  in  the  grey 
matter ;  it  occurs  equally  whether  the  nerve-cells  are  destroyed  by 
hsemorrhage,  by  inflammation,  acute  or  chronic,  by  slow  degeneration, 
or  by  the  growth  of  a  tumour.  But  the  rapidity  with  which  the 
lesion  develops  influences  materially  the  character  of  the  symptoms. 
Time  is  required  for  the  process  of  nerve  degeneration,  and  for  the 
effect  of  this  on  the  nutrition  of  the  muscles  ;  one  or  two  weeks 
elapse,  even  in  the  most  acute  cases,  before  muscular  wasting  is 
distinct.  The  nerve-cells  also  form  part  of  the  voluntary  motor 
tract.  Their  disease  at  once  interrupts  this  path.  Hence,  in  acute 
cases,  paralysis  is  rapidly  developed,  and  the  atrophy  succeeds  it  after 
an  interval.  In  chronic  lesions,  on  the  other  hand,  the  changes  in 
the  cells  and  fibres  progress  so  slowly  that  the  weakness  and  wasting 
appear  to  come  on  together.  The  wasting  may  even  seem  to  precede 
the  weakness,  but  a  careful  examination  will  show  that  loss  of  power 
exists  as  soon  as  there  is  distinct  atrophy.  It  is  customary  to  dis- 
tinguish the  two  groups  by  terming  those  in  which  the  palsy  precedes 
wasting,  "atrophic  spinal  paralysis,"  and  those  in  which  wasting  is 
apparently  simultaneous  with  weakness,  "  spinal  muscular  atrophy." 

The  atrophic  paralyses  are  due  to  an  acute  or  subacute  process  in 
the  anterior  cornua.  The  lesion  is  probably,  in  most  cases,  inflam- 
matory in  character,  a  cornual  myelitis,  or  polio-myelitis  (Kussmaul). 
In  some  cases,  which  differ  only  in  the  suddenness  of  the  onset,  it  is 
probable  that  the  lesion  is  hsemorrhage  and  not  inflammation.  The 
chronic  atrophies  are  due  to  a  slow  degeneration  of  the  nerve-cells  in  the 
grey  substance.  By  some  writers  it  is  regarded  as  a  parenchymatous 
inflammation,  but,  in  accordance  with  the  method  here  adopted,  the 
chronic  disease  will  be  classed  among  the  spinal  degenerations. 

Acute  Atrophic  Paralysis;  Acute  Anterior  Polio-Mtelitis ; 
Cornual  Myelitis  (Infantile  Paralysis;  Essential  Para- 
lysis OP  Children). 

Acute  atrophic  paralysis  is  a  disease  in  which  voluntary  power  is 
lost  in  the  course  of  a  few  hours  or  days,  and  some  of  the  paralysed 
muscles  undergo  rapid  wasting  while  others  recover.  The  onset  of 
the  palsy  is  often  preceded  or  accompanied  by  indications  of  general 
disturbance.  The  muscles  which  waste  usually  remain  weak,  and  con- 
traction of  their  opponents  leads  to  permanent  distoi-tion  of  the 
paralysed  limbs.  The  disease  is  the  most  common  form  of  paralysis 
in  young  children,  and  has  hence  received  the  name  of  "infantile 
paralysis."  Before  anything  was  known  of  the  lesion  on  which  it 
depends,  it  received  (from  Eilliet  and  Barthez)  the  unmeaning  desig- 
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nation  of  the  "  essential  paralysis  of  children."  The  spinal  lesion  was 
first  demonstrated  by  Prevost  (1865)  and  soon  afterwards  by  Lock- 
hart  Clarke,  and  by  Charcot  and  JofEroy.  Its  constancy  has  been 
abundantly  proved  by  numerous  observations  during  the  last  ten 
years.  The  occuri'ence  of  similar  symptoms  in  adults  was  noted  by 
Vogt  (1858)  and  Duchenne  (1864). 

Etiology. — The  disease  occurs  at  all  ages,  and  although  its  relative 
frequency  at  different  periods  of  life  cannot  yet  be  definitely  stated,  it 
is  certainly  six  times  more  frequent  in  the  first  ten  years  than  in  all 
the  rest  of  life.  It  is  moreover  especially  a  disease  of  later  infancy. 
Of  the  cases  under  ten,  three  fifths  occur  in  the  first  two  years  of  life, 
and  four  fifths  in  the  first  three  years.  It  is  less  frequent  in  the  first 
than  in  the  second  year,  but  it  occasionally  comes  on  soon  after  birth, 
at  the  twelfth  day  in  a  case  observed  by  Duchenne.  The  friends  often 
date  the  disease  from  birth,  but  there  is  no  valid  evidence  of  its  intra- 
uterine development.  Its  onset  may  readily  be  overlooked  in  a  young 
child.  In  adults  it  may  occur  at  any  period,  up  to  sixty  years  of  age, 
but  is  most  frequent  between  ten  and  thirty.  Boys  are  somewhat  more 
prone  to  suffer  than  girls,  in  the  proportion  of  four  to  three,  but  (to 
judge  by  a  series  of  fifty  consecutive  cases  which  I  have  tabulated 
from  my  own  note-books)  it  is  only  under  two  years  that  a  greater 
liability  in  boys  can  be  traced.  In  adults,  however,  the  disease  is  far 
more  frequent  in  males  than  in  females.  The  influence  of  heredity  is 
small,  but  a  family  tendency  to  suffer  may  now  and  then  be  traced  ; 
two  and  even  three  brothers  or  sisters  have  been  affected  (Seelig- 
muUer,  &c.).  One  of  my  own  patients  had  two  cousins  affected 
with  the  same  disease.  The  inherited  tendency  may  be  indirect ;  of  a 
patient  in  whom  the  disease  came  on  in  adult  life,  two  brothers  had 
suffered  from  hemiplegia,  and  an  uncle  from  paraplegia. 

The  disease  occurs  far  more  frequently  in  summer  than  in  winter. 
Sinkler,  who  first  called  attention  to  the  fact,  found  that  in  Philadelphia 
four  fifths  of  the  cases  commenced  in  the  five  hot  months.  May — 
September.  Of  my  own  cases,  two  thirds  were  attacked  during  the 
hottest  third  of  the  year,  June — September.  This  relation  to  season  is 
seen  in  adults  as  well  as  in  children.  The  fact  is  the  more  important 
because  cold  has  long  been  regarded  as  the  most  potent  exciting  cause. 
That  exposure  to  cold  is  an  occasional  cause  can  scarcely  be  doubted, 
but  it  is  more  often  traceable  in  adults  than  in  children,  and  the  exterit 
of  its  influence  has  certainly  been  over-estimated.  The  relation  to 
season  shows  that  it  is  not  the  mere  degree  of  cold  which  is  influential, 
but  probably  the  chilling  of  the  heated  body.  Thus  one  patient,  aged 
sixteen,  when  perspiring  from  a  long  ride  after  the  hounds  on  a  hot 
day  in  September,  lay  down  on  a  sofa  beneath  an  open  window  from 
which  a  draught  blew  on  his  back.  Two  days  afterwards  the  first 
symptoms  commenced.  I  have  twice  known  the  disease  to  be  due  to 
sitting  on  damp  grass.     Two  or  three  days  is  the  interval  which 
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usually  elapses  between  the  exposure  to  cold  and  the  onset  of  the 
symptoms. 

Over-exertion  has  been  supposed  to  be  an  occasional  cause,  and  Lange 
associates  the  frequency  of  the  disease  in  late  infancy  with  the  func- 
tional excitation  of  the  cord  in  walking.  Over-walking  is  perhaps  an 
occasional  cause  in  young  children.  A  traumatic  cause,  such  as  a  fall, 
can  occasionally  be  traced,  although  the  statements  of  friends  on  this 
point  may  readily  mislead.  "  We  suppose  that  the  child  must  have 
had  a  fall "  is  a  common  statement,  when  there  are  no  grounds  for  the 
supposition.  But  now  and  then  the  disease  does  follow  a  fall,  at  an 
interval  of  a  few  days,  in  a  manner  which  at  least  suggests  that  the 
injury  was  its  cause.  Thus  in  one  severe  case,  a  boy  eight  years  old 
was  throvra  over  the  head  of  a  donkey,  and  the  onset  occurred  five  days 
afterwards. 

Since  the  disease  develops  most  frequently  during  the  period  of  the 
first  dentition,  teething  has,  by  many,  been  supposed  to  be  its  chief 
cause.  But  there  is  no  proof  of  any  relation  between  the  two.  Their 
coincidence  in  time  would  be  significant  if  we  knew  of  any  mechanism 
by  which  the  process  of  dentition  could  produce  myelitis,  or  if  no  other 
conditions  existed,  during  the  period  of  dentition,  to  which  the 
frequency  of  the  disease  might  be  due.  But,  on  the  one  hand,  we 
know  of  no  such  mechanism  (for  the  theory  of  a  reflex  vaso-motor 
disturbance  is  a  pure  hypothesis)  and,  on  the  other  hand,  the  period 
of  dentition  coincides  with  the  rapid  functional  development  of 
the  nervous  system,  which  succeeds  its  structural  development  in 
the  first  few  months  of  life.  Moreover,  this  period  is  often  one  of 
deterioration  of  health,  in  consequence  of  changes  of  diet  and  other 
causes.  The  disease  occurs  before  and  after  the  period  of  teething, 
and  it  exhibits  no  increase  in  frequency  at  the  period  of  the  second 
dentition.  Of  fifty  cases  occurring  under  ten,  in  only  two  did  the 
disease  occur  between  six  and  ten. 

Many  children  are  perfectly  well  at  the  time  when  the  disease 
occurs.  A  few  are  in  conspicuously  defective  health.  Thus  in  one 
case  the  child  had  been  rendered  feeble  by  long-continued  diarrhoea. 
I  have  only  once  seen  the  disease  in  the  subject  of  inherited  syphilis. 
On  the  other  hand  it  is  occasionally  secondary  to  acute  febrile  diseases 
— scarlet  fever,  measles,  bronchitis,  pneumonia,  and,  in  older  children 
and  adults,  to  typhoid  fever  and  ague.  It  may  develop  during  the 
height  of  the  acute  disease  or  during  convalescence.  But  the  frequency 
of  this  cause  has  been  unquestionably  overrated.  The  initial  general 
disturbance  is  constantly  mistaken  for  an  independent  general  disease, 
and  the  opinion  is  often  maintained  after  the  discovery  of  the  para- 
lysis, which  is  then  supposed  to  be  of  secondary  origin.  Thus  in 
one  case  initial  pyrexia,  headache,  and  vomiting  were  supposed  to 
indicate  scarlet  fever.  Paralysis  of  all  four  limbs  came  on,  with 
difficulty  in  swallowing,  and  the  latter  was  supposed  to  render  certain 
the  diagnosis  of  scarlet  fever,  although  there  was  no  sore-throat  or 
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rash.  In  older  children  and  adults  the  disease  is  often  thought  to 
be  secondaiy  to  rheumatic  fever,  in  consequence  of  the  rheumatoid 
character  of  the  pains.  The  error  is  the  more  likely  to  occur  if  the 
symptoms  follow  exposure  to  cold.  There  is  no  evidence  that  the 
disease  is  ever  secondary  to  articular  rheumatism.  Chronic  alcoholism 
has  been  supposed  to  be  a  cause  in  adults,  but  it  is  probable  that  most 
cases  supposed  to  be  due  to  this  cause  have  been  instances  of  multiple 
neuritis. 

Symptoms.— The  general  characters  of  the  symptoms  have  been 
already  mentioned,— an  acute  onset,  often  with  general  febrile  dis- 
turbance;  paralysis,  at  first  widespread,  afterwards  passing  away 
except  from  a  region  in  which  the  muscles  rapidly  atrophy,  and  in 
which,  although  partial  recovery  may  occur,  more  or  less  weakness  and 
wasting  usually  persist. 

The  general  disturbance  at  the  onset  may  be  severe,  slight,  or 
absent.    When  present  there  is  commonly  pyrexia,  with  its  usual 
accompaniments,  headache,  prostration,  loss  of  appetite,  restlessness. 
The  elevation  of  temperature  is  rarely  considerable,  100°  or  101°,  but 
it  sometimes  reaches  103°  or  even,  as  I  have  seen,  104°.  These 
symptoms  occur  in  both  children  and  adults.    In  the  former  there  is 
sometimes  more  pronounced  cerebral  disturbance,  convulsions,  and 
delirium.    In  older  children  and  adults  transient  diplopia  occasionally 
occurs,  chiefly  when  the  disease  is  in  the  cervical  region  of  the  cord. 
Giddiness  is  sometimes  complained  of.    The  convulsions  and  delirium 
are  usuaUy  ascribed  to  the  fever,  and  compared  to  those  which  may 
occur  at  the  onset  of  an  acute  specific  disease,  but  it  is  possible  that 
the  cerebral  functions  are  sometimes  more  directly  deranged.  These 
symptoms  of  general  distui'bance  usuaUy  last  for  a  few  days  only 
sometimes  for  only  a  few  hours,  and  they  are  not  unfrequently 
absent.    Before  they  have  entirely  passed  away,  the  paralysis  comes 
on,  sometimes  a  few  hours,  sometimes  a  few  days,  after  the  onset 
of  the  symptoms.     Thus  a  common  history  is  for  a  child  to  seem 
111  and  feverish,  to  be  put  to  bed,  and  the  next  morning  to  be  found 
to  have  lost  power.    As  an  example  of  more  deliberate  onset  may  be 
mentioned  the  case  of  a  medical  student  who  found,  one  day,  that  he 
saw  double;  on  the  next  he  felt  giddy,  and  became  feverish  (100°- 
102);  he  slept  for  forty-eight  hours;  and  on  the  fourth  day  found 
hi^nght  arm  was  weak,  and  atrophy  of  the  deltoid,  &c.,  followed. 
When  the  mitial  stage  is  prolonged,  the  paraly.sis  is  often  not  dis- 
covered for  some  time.    The  immobility  of  paralysis  is  mistaken  for 
the  inertia  of  prostration.    When  general  symptoms  are  absent,  the 
paralysis  often  comes  on  in  the  night. 

In  older  children  and  adults,  another  common  initial  symptom  is 
the  rheumatoid  pain  already  mentioned,  sometimes  referred  to  the 
muscles,  sometimes  to  the  Hmbs  generally,  occasionally  to  the  course 
of  the  nerves,  but  never  to  the  joints.    Pain  may  be  felt  also  in  the 
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back.  In  character  it  is  dull  and  aching,  or  acute  and  tearing  or 
burning.  It  is  often  very  severe.  Instead  of  being  initial,  the  pain 
may  succeed  the  onset  of  paralysis,  and  occasionally  continues  for 
several  weeks.    There  may  also  be  tingling  or  formication  in  the  limbs. 

The  paralysis  is  always  rapidly  developed.  It  varies  much  in  its 
initial  range.  Only  part  of  a  limb  may  be  affected,  or  there  may  be 
universal  loss  of  power.  In  the  majority  of  cases  the  paralysis  is 
intermediate  between  these  extremes.  Two  or  three  limbs  are  affected 
— both  arms,  both  legs,  or  the  legs  and  one  arm.  When  all  four 
limbs  are  paralysed  the  neck-muscles  also  may  be  weak,  and  even  swal- 
lowing may  be  impaired.  The  other  muscles  supplied  by  the  cranial 
nerves  escape,  and,  as  a  rule,  the  sphincters  are  unaffected.  To  the 
latter,  exceptions  are  occasionally  met  with,  always  in  severe  cases, 
and  the  paralysis  of  the  sphincters,  when  it  occurs, -often  lasts  a  long 
time.  For  instance,  a  child  aged  two  and  a  half  years  woke  up  one 
morning  with  headache,  fever,  and  weakness  of  the  legs,  which  rapidly 
increased  to  complete  paralysis.  Four  days  later  the  arms  also  became 
weak,  and  in  a  day  or  two  more  the  urine  escaped  involuntarily.  The 
arms  began  to  recover  in  six  weeks,  and  were  well  in  six  months ;  both 
legs  wasted  and  remained  permanently  paralysed;  the  incontinence 
of  urine  lasted  for  a  year.  A  similar  affection  of  the  sphincters  is 
occasionally  met  with  in  adults. 

The  paralysis  usually  commences  in  one  limb  and  quickly  spreads, 
reaching  its  maximum  extent  in  from  one  to  four  days,  and  sometimes 
in  a  few  hours ;  occasionally  it  occupies  a  week  in  its  development. 
When  it  does  not  reach  its  height  until  more  than  a  week  has  elapsed, 
the  case  is  regarded  as  "  subacute."    As  another  example  of  a  common 
mode  of  onset  may  be  mentioned  the  case  of  a  boy,  aged  a  year  and 
four  months,  who  one  day  seemed  ill,  was  sick,  and  was  put  to  bed. 
The  next  day  he  could  scarcely  stand  alone ;  on  the  following  day  he 
could  neither  move  the  legs,  nor  sit  up  in  bed.    In  about  ten  days 
the  left  leg  began  to  improve,  but  there  was  enduring  paralysis  and 
wasting  of  the  whole  of  the  right,  and  of  the  lower  part  of  the  left 
leg.    Again,  another  child  seemed  ill,  and  was  kept  in  bed  for  five 
days  ;  on  the  third  day  it  was  noticed  that  the  left  arm  was  not  moved 
so  much  as  the  right,  and  by  the  fifth  day  the  arm  was  quite  power- 
less; at  the  end  of  a  fortnight  improvement  commenced.    In  the 
adult,  the  mode  of  onset  presents  nearly  the  same  characters.   A  lady, 
twenty-five  years  of  age,  sat  down  for  some  time  on  wet  grass.  Two 
days  later  general  rheumatic  pains  came  on,  very  severe  in  the  legs  on 
the  following  day,  and  the  legs  were  distinctly  weak.    In  the  course 
of  the  next  forty-eight  hours  the  arms  also  became  feeble,  and  at  the 
end  of  a  week  she  could  scarcely  move  her  arms,  and  her  legs  were 
absolutely  paralysed.    In  a  fortnight  improvement  commenced,  first 
in  the  arms  and  then  in  the  feet;  but  the  hip-  and  thigh-muscles 
remained  paralysed  and  rapidly  wasted. 

Cases  are  sometimes  seen  similar  in  other  respects  to  those  now 
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under  consideration,  but  in  wliich  the  paralysis  comes  on  suddenly, 
and  without  general  disturbance.  Weakness  commences  for  instance 
iu  one  arm,  and  spreads  so  quickly  that  in  the  course  of  a  quarter  of 
an  hour  there  may  be  universal  paralysis,  which  afterwards  passes 
away,  except  in  one  region,  where  there  is  rapid  wasting.  The  sudden- 
ness of  the  onset  makes  it  difficult  to  regard  the  lesion  as  inflamma- 
tion ;  it  suggests  haemorrhage.  We  shall  see  that  haemorrhage  may 
occur  in  early  childhood.  Hence,  while  we  must  class  these  with  the 
other  acute  spinal  atrophies,  we  are  not  justified  in  regarding  them 
as  cases  of  polio-myelitis. 

The  follo-vving  cases  are  instances  of  such  sudden  onset.  A  girl,  aged 
seventeen,  suddenly  felt  tingling  in  the  left  hand.  In  a  few  minutes  the 
whole  arm  was  powerless,  and  then  the  right  arm  became  paralysed. 
She  had  a  strange  sensation  at  the  back  of  the  neck,  and  went  upstairs. 
As  she  was  going  up,  her  legs  became  weak,  first  the  left  and  then  the 
right.  In  less  than  half  an  hour  from  the  time  of  the  first  symptom 
there  was  absolute  universal  paralysis,  with  difficulty  in  breathing  and 
m  swallowing.  Improvement  (in  the  opposite  order  to  the  onset)  com- 
menced the  same  evening  and  was  complete  in  about  six  weeks,  with 
the  exception  of  the  mnscles  of  the  left  forearm  and  hand,  which 
rapidly  wasted  and  were  permanently  paralysed  and  atrophied.  Another 
girl,  while  walking  across  a  road,  suddenly  felt  a  "  sort  of  shock  "  as  if 
someone  had  given  her  a  knock  between  the  shoulders.  She  became 
giddy,  and  instantly  felt  tingling  in  both  arms,  especially  in  the  right, 
which  became  weak  before  she  had  got  to  the  other  side  of  the  road. 
Ultimately  the  arms  recovered,  but  permanent  paralysis  and  wasting 
of  the  intrinsic  muscles  of  each  hand  were  left.  A  similar  sudden  onset 
IS  also  seen  occasionally  in  children.  Thus  a  child,  aged  two,  was 
walkmg  along,  when  he  suddenly  said  he  could  not  stand,  and  fell 
down  on  his  knees.  Both  legs  were  powerless.  Slow  improvement 
followed  m  the  left  leg,  and  wasting  in  the  right. 

When  the  paralysis  has  reached  its  height,  it  remains  stationary  for 
a  time,  which  varies  from  two  to  six  weeks,  and  then  lessens  The 
first  improvement  occurs  in  the  parts  last  affected,  and  it  gradually 
spreads  until,  usually  at  the  end  of  from  one  to  three  months,  all  parts 
have  recovered  except  those  which  are  to  be  permanently  affected  In 
these  the  muscles  are  toneless  and  flaccid  from  the  first,  and  in  two  or 
three  weeks  there  is  distinct  wasting,  which  rapidly  increases  until  the 
shape  of  the  limb  is  changed,  and,  in  extreme  cases,  scarcely  any  of  the 
volume  of  the  muscle  can  ultimately  be  detected.    In  fat  children  the 

TtZr:    f ' 1  ^^^^  - 

muscular  t  ^^^^^  makes  up  for  the  diminution  of 

tender  to  thT'  .  15         l™^^"        '^^'^^^^  '"^^  ^f^^-i 
tendei  to  the  touch  during  the  process  of  wasting. 

When  the  atrophy  is  distinct  the  muscles  no  longer  contract  to 

o  havH;  r  '  ^  "^rr'^'  ^"^^^  ^^-^  '^^y  found 

to  have  lost  irritability.    The  loss  depends  on  degeneration  of  the 
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nerves.  The  muscles  usually  present  the  degenerative  reaction  in 
characteristic  form  (see  p.  46).  The  loss  of  faradaic  irritability  is 
distinct,  in  severe  cases,  as  early  as  the  end  of  the  first  week  and  even 
by  the  fifth  or  sixth  day.  In  a  patient,  for  instance,  who  is  universally, 
and  apparently  uniformly,  paralysed,  one  or  more  groups  of  muscles 
may  be  found  to  have  lost  irritability,  and  in  these  we  know  that  there 
will  be  lasting  paralysis  and  wasting,  while  the  other  parts  will  recover. 
In  a  severe  case,  in  which  the  muscles  most  affected  atrophy  completely, 
tlie  loss  of  faradaic  irritability  may  be  permanent.  The  voltaic  irrita- 
bility remains,  increased  in  degree,  for  two,  three,  four,  or  six  months, 
then  slowly  falls,  as  the  muscular  fibres  themselves  degenerate,  and 
ultimately,  at  the  end  of  one  or  two  years,  it  disappears.  More 
commonly,  after  six  or  twelve  months,  some  faradaic  irritability 
returns.  It  may  be  slight,  due  to  the  recovery  of  a  few  fibres,  insuffi- 
cient in  number  to  restore  any  bulk  or  power,  but  the  few  fibres  which 
recover  do  so  perfectly,  so  that  the  irritability  becomes  normal  in 
degree,  although  the  contraction  which  can  be  thus  produced  is  very 
slight  in  amount.  In  other  cases  considerable  recovery  occurs,  so  that 
some  power  and  volume  are  regained,  although  the  muscles  remain 
below  the  normal  size.  Earely  recovery  is  perfect.  In  the  muscles 
which  do  not  waste  there  is  no  degenerative  reaction,  but  there  may 
be  slight  diminution  of  excitability  to  each  current. 

The  paralysis  is  motor  only.  There  may  be  at  first  tingling  or  formi- 
cation in  the  limbs,  but  there  is  no  loss  of  sensation.  Eeflex  action  from 
the  skin,  however,  is  abolished.  At  first  it  is  lost  wherever  there  is  weak- 
ness, but  it  returns  with  or  soon  after  the  recovery  of  power  in  the  less 
affected  parts.  Where  there  is  persistent  paralysis  it  remains  absent. 
The  myotatic  irritability  is  lost  in  the  same  or  even  greater  degree.  For 
instance,  no  knee-jerk  can  be  obtained  if  the  extensors  of  the  knee 
are  affected  even  in  slight  degree.  The  loss  depends  on  the  interrup- 
tion of  the  muscle-reflex  centre  by  the  disease  in  the  grey  matter.  In 
rare  cases  of  severe  cervical  polio-myelitis,  which  is  not  limited  to  the 
grey  matter  but  affects  in  less  degree  the  lateral  white  columns,  there 
is  wasting  of  the  arms,  but  paralysis  without  wasting  in  the  legs,  and 
in  the  latter  the  myotatic  irritability  may  be  increased  above  the 
normal,  so  that  the  foot-clonus  may  be  obtained.  Such  cases  are, 
however,  very  rare,  and  are  intermediate  between  polio-myehtis  and 
transverse  myelitis. 

A  curious  effect  of  the  disease  is  to  retard  the  growth  of  the  bones 
in  the  affected  limb,  so  that  this  gradually  becomes  shorter  than  its 
fellow,  and  after  a  time  the  compact  tissue  of  the  bone  is  less  than  on 
the  otiier  side.  It  is  a  retardation  of  growth  and  there  is  scarcely 
sufficient  ground  for  calling  it  an  atrophy  comparable  to  that  of  the 
muscles  There  is  no  evidence  that  any  wasting  of  bone  takes  place 
in  adults.  Strange  to  say,  Seeligmuller  has  observed  the  opposite 
effect  in  children  :  an  actual  elongation  of  the  bones,  apparently  due 
to  the  fact  that  the  growing  epiphyses  suffer  traction  instead  of  the 
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nox'raal  compression.  The  effect  on  the  growth  of  bone  is  not  pro- 
portioned to  the  muscular  j)aralysis,  and  cannot  therefore  be  regarded 
as  the  effect  of  the  hitter. 

Those  joints  that  depend  for  their  support  on  tendons  which  pass 
over  them  become  lax  when  the  muscles  are  paralysed,  and  the 
articular  surfaces  may  be  no  longer  kept  together.  Thus  when  the 
deltoid  is  wasted,  the  head  of  the  humerus  may  fall  out  of  the  glenoid 
cavity. 

Bedsores  are  almost  unknown,  even  in  the  acute  stage  of  the  disease. 
A  slight  local  elevation  of  temperature  in  the  most  affected  parts  has 
been  observed  in  the  early  stage,  but  subsequently  the  limb  is  con- 
stantly colder  than  the  other.  This  is  due,  in  part  at  least,  to  the 
want  of  the  aid  to  the  circulation  which  is,  in  health,  supplied  by  the 
muscular  action. 

During  the  chronic  stage  of  the  disease  there  is  great  liability  to 
the  occurrence  of  permanent  shortening  of  muscles,  with  consequent 
displacement  of  the  parts  to  which  they  are  attached.  Grrave  de- 
formities are  thus  produced.  Unquestionably  the  chief  mechanism 
by  which  these  are  produced  is  the  shortening  of  muscles  which  are 
less  paralysed  than  their  opponents.  The  less  affected  muscles  retain 
their  contractility ;  they  are  no  longer  subject  to  the  normal  exten- 
sion by  their  opponents,  and  hence  gradually  become  shorter  and  less 
extensible.  This  may  occur  in  muscles  which  are  unaffected,  and  it 
is  uncertain  how  far  it  is  favoured  by  a  slight  degree  of  paralysis. 
The  latter  is  attended  with  some  increase  of  the  interstitial  tissue  of 
the  muscle,  and  the  growth  of  this  may  readily  fix  the  contracture  of 
the  proper  muscular  fibres.  Posture  often  aids  the  production  of 
these  muscular  contractions,  and  so  also  in  the  case  of  the  foot  does 
the  relative  shortening  of  the  limb. 

The  persistent  paralysis  may  occupy  the  whole  or  part  of  one  or 
more  Hmbs.  In  half  the  cases  one  leg  only  is  permanently  affected. 
It  is  less  frequent  for  both  legs  or  for  one  arm  to  suffer,  and  still  rarer 
combinations  are  those  of  both  legs  and  one  arm,  of  both  arms,  of  the 
arm  on  one  side  and  the  leg  on  the  other,  while  the  ra.rest  of  all  is  the 
affection  of  leg  and  arm  on  the  same  side.  The  limbs  on  the  left  side  of 
the  body  are  more  often  permanently  affected  than  those  on  the  right. 

When  the  paralysis  of  a  limb  is  incomplete,  the  part  involved  varies 
much  m  different  cases,  and  as  different  parts  of  two  or  more  limbs 
may  be  affected,  the  combinations  of  palsy  which  result  are  extremely 
varied.  The  grouping  of  adjacent  muscles  is  sometimes  distinctly 
that  of  functional  association,  more  often  it  is  random.  In  the  le<>s 
the  paralysis,  in  very  severe  and  fortunately  very  rare  cases,  may  be 
absolute,  involving  all  the  muscles  of  both  limbs.  Usually  it  is  partial 
and  then  the  muscles  below  the  knee  suffer  more  often  than  those 
above  the  knee.  The  calf-muscles  are  much  less  frequently  affected 
than  the  muscles  in  front  of  the  tibia  or  the  peronei.  Hence  talipes 
equinus  is  a  common  deformity,  and  its  occurrence  is  aided  by  the 
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shortening  of  the  limb,  in  consequence  of  which  the  foot  has  to  be 
extended  to  bring  the  ball  to  the  ground.    Either  the  tibialis  anticus 

or  the  peronei  may  be  most 
affected,  with  the  result,  in 
^      tlie  former  case,  of  talipes 
;  ,  '       valgus,  in  the  latter  of  talipes. 

varus.  ,  In  the  case  shown  in 
Fig.  100  the  peronei  have  suf- 
fered most  in  the  left  leg  and 
least  in  the  right,  producing 
an  un symmetrical  but  corre- 
sponding distortion  of  the  feet. 
This  affords  an  illustration  of 
another    fact,   namely,  that 
when  there  is  a  partial  affec- 
tion of  both  legs  the  paralysis 
scarcely  ever  corresponds  in 
the  two  in  its  incidence  or  its 
degree.    Much  less  commonly 
the  calf-muscles  suffer  more 
than  the  others,  and  there  re- 
sults talipes  calcaneus,  as  in 
the  case  shown  in  Fig.  101. 
The  intrinsic  muscles  of  the 
foot  often  suffer  with  those 
of  the  leg.    In  the  thigh  the 
extensors  of  the  knee  are  af- 
fected more  frequently  than 
the  flexors,  and  hence  flexor  contrac- 
tion is  very  common  and  may  even 
cause  subluxation  of  the  joint.  The 
flexors  of  the  hip  often  suffer,  with  the 
extensors  of  the  knee  or  alone.  Less 
commonly  the  glutei  are  involved,  but 
never  alone. 

In  the  arm  almost  all  the  muscles 
are  sometimes  affected,  as  in  the  case 
shown  in  Fig.  102,  but  all  are  never 
entirely  paralysed.  The  intrinsic 
muscles  of  the  hand  often  suffer: 
either  the  thenar  muscles  or  the  inter- 
ossei  may  be  most  damaged.  An  in- 
stance of  such  paralysis  of  the  inter- 
ossei  is  shown  in  Fig.  103.  The  fore- 
arm muscles  are  frequently  affected, 
but  the  supinators  may  escape  when 
the  other  muscles  are  involved.  The 


FlO.  100,— Old  atrophic  spinal  paralysis. 
Talipes  valgus  in  the  right  leg  from  para- 
lysis of  the  anterior  tibial ;  t.  varus  on  the 
left  from  paralysis  of  the  peronei 


Fig.  101. — Atrophic  spinal  para- 
lysis affecting  cliiefly  the  calf- 
muscles,  with  resulting  contrac 
ture  of  the  flexors  of  the  foot 
causing  talipes  calcaneus. 
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deltoid  suffers  more  frequently  tlian  any  other  single  muscle  of  the 
arm.  It  may  be  paralysed  alone  or  in  association  with  other  muscles  ; 
occasionally  the  deltoid,  supra-  and  infra- 
spinatus, biceps,  and  supinators  are  all 
involved  in  the  "upper  arm  type"  of 
palsy  of  Erb*  (see  p.  77).  But  other 
muscles  than  these  may  be  associated 
with  the  deltoid.  In  the  case  shown  in 
Fig..  103  the  deltoid  and  intrinsic  muscles 
of  the  hand  were  wasted  and  no  other 
muscles.  The  serratus  magnus  is  occa- 
sionally affected,  as  in  Fig.  102 ;  in  this 
case,  although  the  left  arm  had  suffered 
severely  as  the  figure  shows,  on  the 
right  side  only  the  serratus  was  in- 
volved. With  the  serratus  the  upper 
part  of  the  pectoralis  major  is  some- 
times associated  in  the  paralysis  (as  it 
is  in  normal  function,  see  p.  26),  the 
lower  part  being  unaffected.  It  was  so 
in  this  boy.  The  middle  part  of  the 
trapezius  and  other  scapular  muscles  are 
occasionally  involved.  The  neck-mus- 
cles rarely  suffer,  but  the  diaphragm  is 
occasionally  paralysed.  Although  the 
intercostals  and  other  trunk-muscles  are 
so  often  weakened  in  the  early  stage, 
considerable  permanent  atrophy  is  very 
rare.  Curvature  of  the  spine  is,  however, 
often  produced  in  consequence  of  the 
patient  being  allowed  to  sit  up  while  the 
muscles  are  weak.  It  may  be  a  lateral 
or  an  antero-posterior  curve,  according 


Pig.  102. — Atrophic  spinal  para- 
lysis, infantile  form.  Wasting 
of  all  the  muscles  of  the  left 
arm  from  the  deltoid  down- 
wards, and  of  the  right  ser- 
ratus magnus. 


PiO-.  103.— Atrophic  spinal  paralysis  (adult  form)  affecting  the  interossei 
and  thenar  muscles,  and  also  the  deltoid. 

as  the  weakness  is  on  one  or  both  sides.  I  have  once  seen  considerable 
depression  of  the  lower  part  of  the  wall  of  the  thorax  on  the  left  side 

*  See  a  paper  by  Dr.  Beevor,  '  Med.-Chir.  Trans.,'  1885. 
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from  paralysis  of  the  intercostal  muscles  at  the  spot,  perhaps  com- 
bined with  hindered  growth  of  the  ribs.  The  muscles  supplied  by 
cranial  nerves  are  scarcely  ever  affected.  I  have  once  seen  a  complete 
paralysis  of  one  side  of  the  face.  It  was  associated  with  wasting  in 
the  limbs. 

The  course  of  the  disease  has  been  already  sketched.    There  are  (1) 
an  initial  stage  of  paralysis  rapidly  increasing,  often  accompanied  with 
fever :  the  duration  of  this  stage  is  from  a  few  hours  to  a  week  ;  (2)  a 
stationary  period,  which  lasts  from  a  week  to  a  month  ;  (3)  a  stage  of 
"  regression,"  during  which  the  palsy  passes  away,  except  from  certain 
parts  in  which  wasting  occurs  :  this  regressive  period  usually  occupies 
from  one  to  six  months  ;  (4)  a  chronic  stage,  during  which  the  atrophy 
continues,  slight  improvement  may  occur,  but  contractures  and  de- 
formities are  developed.    The  duration  of  this  stage  is  indefinite. 
Improvement  often  occurs  after  three,  six,  or  twelve  months,  but  is  then 
usually  slight,  and  often  more  than  counterbalanced  by  the  interference 
with  growth,  and  by  the  occurrence  of  deformities.  Even  in  the  slightest 
cases  complete  recovery  is  extremely  rare.    On  the  other  hand,  death 
from  the  disease  is  equally  uncommon,  and  occurs  almost  exclusively  in. 
the  early  stage.    It  is  not  improbable  that  some  children  die  from  the 
initial  disturbance  before  its  nature  is  recognised,  especially  in  cases 
attended  by  severe  convulsions.    Now  and  then  death  occurs  at  the  end 
of  the  first  week  or  ten  days,  from  universal  paralysis  or  from  some 
cerebral  complication.  I  have  seen  one  example  of  the  latter ;  paralysis 
in  the  arms  came  on  upon  the  third  day  of  the  initial  fever,  reached  its 
height  on  the  fifth  day,  and  then  remained  stationary.  Faradaic 
irritability  on  the  seventh  day  was  lost  in  many  muscles  of  the  left 
arm.    There  was  a  little  rigidity  of  the  neck.    On  the  tenth  day  the 
patient  began  to  vomit,  and  complain  of  increased  headache,  and  had 
hallucinations.    On  the  eleventh  day  he  became  comatose  and  died. 
It  is  probable  that  other  cases  of  the  same  kind  occur,  in  which  the 
exact  nature  of  the  spinal  affection  is  not  recognised. 

Sequelae,  beyond  those  mentioned  as  part  of  the  symptoms  of  the 
disease,  are  very  rare.    As  a  rule  the  general  and  nervous  health  of 
the  patients  and  the  duration  of  hfe,  are  uninfluenced  by  the  local 
palsy    In  a  few  cases,  however,  some  other  chronic  affection  of  the 
spinal  cord  has  come  on  when  the  subjects  of  infantile  paralysis  have 
reached  adult  life.    Progressive  muscular  atrophy  has  been  several 
times  observed  to  start  from  the  paralysed  limb;  acute  and  subacute 
polio-myelitis  in  adult  life  has  also  been  observed,  and  I  have  twice 
seen  the  symptoms  of  lateral    sclerosis,  without  atrophy,  slowly 
developed,  in  one  case  at  seventeen,  in  the  other  at  twenty-eight.  In 
the  spinal  cord  of  the  subject  of  old  infantile  paralysis  there  seems  thus 
to  persist  a  disposition,  slight  though  it  be,  to  fresh  disease,  and  the  cases 
of  lateral  sclerosis  mentioned  show  that  the  liability  to  disease  is  not 
limited,  as  has  been  thought,  to  the  grey  matter.* 

*  Compare  Ballet  and  Dutil,  '  Revue  do  Medecine,'  January,  1884,  p.  18. 
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Pathol o a Y.— For  a  loug  time  infantile  paralysis  was  believed  to  be 
a  peripheral  affection  having  its  seat  in  the  muscles.  The  opinion  rested 
on  the  absence  of  any  knowledge  of  the  spinal  changes,  and  on  the  fact 
of  the  muscular  wasting.  Bat  improved  methods  of  examining  the 
nerve-centres  have  shown  that  changes  in  the  spinal  cord  invariably 
exist,  and,  in  early  cases,  have  the  characters  of  an  acute  inflammatory 
lesion  ;  and  we  now  know  that  muscular  atrophy  usually  depends  on 
central  disease.  Every  gradation  exists  between  the  severe  and  the 
slight  form  of  the  affection,  and  all  known  facts  point  to  the  conclusion 
that  acute  atrophic  infantile  paralysis  is  invariably  a  disease  of  the 
spinal  cord.  The  perfect  correspondence  between  the  infantile  and 
adult  forms,  make  it  certain  that  the  latter  have  the  same  origin, 
although  pathological  facts 
are  more  scanty  than  in  the 
case  of  the  former. 

Observations  on  the  changes 
in  the  spinal  cord  in  the  early 
stage  are  few.     A  case,  re- 
corded by  Dr.  D.  Drummond, 
in  all  probability  one  of  this 
disease,  is  by  far  the  earliest 
on  record,  and  is  indeed  the 
earhest  possible.*    A  child, 
five  years  old,  died  after  a 
few  hours'  acute  illness.  The 
spinal  cord,  in  the  region  of 
the  fourth  and  fifth  cervical 
nerves,  presented  undue  red- 
ness  of  the  anterior  grey 
matter.    The  vessels  running 
from  the  surface  to  the  cornu 
were  distended  vsdth  blood. 
The  microscope  showed  dis- 
tension of    capillaries  and 
minute  extravasations  in  the 
grey  substance,  swelling  of  the 
neuroglial  elements  and  of  the 
ganghon   cells,  which  were 
granular  with  indistinct  pro- 
cesses.    Another  important 
early  observation  is  that  of 
Dr.  Charlewood  Turner,  f  six 
weeks  after  the  onset  (Pig. 
1 04) .  In  thi  s,  and  oth  er  some- 
what later  cases,  actite  changes 
have  been  found  in  the  anterior 
*  '  Brain/  April,  1885. 


Fl&.  104. — Acute  anterior  polio-myclifcis  in  a 
child  2|  years  old,  six  weeks  after  the  onset. 
(After  Charlewood  Turner.)  A.  Section 
through  the  lowest  part  of  the  lumbar  en- 
largement, showing  a  cavity  visible  to  the 
naked  eye,  on  the  left  side.  b.  Left  ante- 
rior half  of  the  cord  under  a  low  magnify- 
ing power,  showing  destruction  of  almost 
the  whole  anterior  cornu.  c.  Portion  of 
anterior  cornu  in  the  upper  part  of  the 
Imnbar  enlargement.  Numerous  coi-puscles 
lie  in  the  granular  protoplasm  and  reticulum 
of  fine  fibres.  A  small  artery  is  encrusted 
with  several  layers  of  corpuscles  and  nuclei, 
t  '  Path.  Trans.,'  vol.  xxv,  p.  203. 
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cornua,  more  advanced  than  in  the  case  of  Dr.  Drumtnond.  They  are 
often  widely  spread  in  slight  degree,  and  attain  considerable  intensity 
in  one  or  more  foci,  usually  in  the  cervical  or  lumbar  enlargements  or 
both.  At  these  spots  the  anterior  horn  is  softened  ;  sometimes  there  is 
hsemorrhagic  infiltration,  sometimes  an  actual  cavity  (Fig.  104,  a,  b.). 
The  microscope  shows  extravasated  blood,  often  massed  along  the 
vessels  (Fig.  104,  c),  and  scattered  through  the  grey  matter  with  other 
cells  such  as  are  met  with  in  myelitis.  There  are  also  granule  corpus- 
cles and  other  products  of  degeneration  of  the  nerve-elements.  These 
elements,  and  especially  the  motor  nerve-cells,  have  almost  entirely  dis- 
appeated.  Where  the  change  is  slighter  in  degree  there  is  a  leucocytal 
infiltration,  a  few  granule-corpuscles  are  seen,  while  the  nerve-cells  may 
be  structurally  intact,  but  swollen^  and  granular.  The  morbid  appear- 
ances may  be  confined  to  the  anterior  cornua,  or  may  extend  in  sHghter 
degree  into  the  adjacent  autero-lateral  column.  The  posterior  columns 
are  always  unaffected.  In  very  severe  cases  there  may  be  signs  of 
slight  local  meningitis  corresponding  in  position  to  the  region  chiefly 
affected.  This  region  corresponds  to  the  origin  of  the  nerves 
supplying  the  muscles  in  which  there  is  most  wasting,  and  the  anterior 
nerve-roots,  which  arise  from  this  part,  present  the  signs  of  acute 
degeneration.  Although  early  observations  on  the  morbid  changes 
are  few,  a  large  number  of  cases  have  been  examined  at  a  later  period, 
years  after  the  onset.  The  appearances  presented  by  these  cases  accord 
with  those  in  the  early  stage,  allowance  being  made  for  the  difference 
in  time.  The  anterior  cornu  at  one  or  .more  places  is  shrunken  (Fig. 
105),  and  in  part  stains  deeply  with  carmine,  in  consequence  of  its 
nervous  structures  being  replaced  by  connective  tissue,  in  part  less 
deeply  in  consequence  of  "  granular-  disintegration  "  of  the  substance. 
The  motor  nerve- cells  are  absent,  partially  or  entirely.  Sometimes  a 
few  shrivelled  cells  remain,  sometimes  one  or  more  groups  may  be 
unaffected ;  or  one  or  two  nerve-cells  of  normal  appearance  may  alone 
remain  (see  Fig.  105).  "  The  antero-lateral  column  is  also  smaller 
than  normal  and  may  present  slight  sclerotic  changes,  sometimes 
chiefly  contiguous  to  the  grey  substance,  sometimes  extending  into 
the  pyramidal  tract.  In  consequence  of  these  alterations,  the  affected 
haK  of  the  cord  is  conspicuously  smaller  than  the  other,  even  to  the 
naked  eye.  The  consequent  alteration  in  the  shape  of  the  cord  is 
•greatest  where  the  damage  to  "the  grey  matter  is  most  intense.  The 
anterior  nerve-roots  at  the  most  affected  part  are  small  and  grey,  and 
the  degeneration  of  the  motor  fibres  may  be  traced  down  the  nerve- 
trunks.  Often,  however,  a  few  fibres  present  a  normal  aj)pearance, 
although  the  rest  have  perished. 

The  muscular  fibres,  in  early  cases,  have  been  found  narrower  tha.n 
normal,  and  in  a  state  of  granular  degeneration,  with  an  increase  in 
the  nuclei  of  the  sheath  and  of  the  interstitial  tissue.  Granules  and 
pigment-masses  accumulate  between  the  sarcolemma  sheaths.  In 
extreme  cases  the  degeneration  proceeds  to  complete  disappearance  of 
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the  fibres,  the  place  of  which  is  occupied  by  fibrous  tracts,  developed 
pai-tly  from  the  sarcolemma  sheaths  and  partly  from  the  interstitial 


Fig.  105. — Atrophic  spinal  (infantile)  paralysis.  A.  First  lumbar ;  the  left  anterior 
cornu  is  smaller  than  the  right,  and  its  ganglion  cells  have  disappeared  with  the 
exception  of  the  inner  group.  B.  Fourth  lumbar ;  the  whole  left  half  of  the  cord 
is  smaller  than  the  other :  in  consequence  of  the  diminution  in  size  of  the  ant. 
horn.  Of  the  ganglion  cells  only  a  few  remain,  belonging  to  the  antero-lateral 
group.    Similar  changes  existed  throughout  the  lumbar  enlargement.* 

connective  tissue.  It  is  common  to  find,  here  and  there,  a  fibre 
presenting  normal  appearances.  Sometimes  fat  accumulates  in  the 
interstitial  tissue,  so  that  the  reduction  in  the  bulk  of  the  muscle  may 
not  be  so  great  as  the  actual  wasting.  In .  slighter  cases,  in  which 
partial  recovery  takes  place,,  some  of  the  fibres  slowly  regain  their 
normal  appearance,  even  though  they,  have  undergone  slight  granular 
degeneration.  Usually,  however,  many  fibres  perish;  those  which 
recover  are  smaller  than  normal,  and  the  interstitial  tissue  remains 
excessive.    Thus  the  original  volume  of  the  muscle  is  rarely  regained. 

The  brain  has  been  almost  always  found  normal.  In  one  case 
with  extensive  paralysis,  of  long  duration,  some  atrophy  was  found  in 
the  motor  region  of  the  cortex  (Sanders). 

The  symptoms  of  acute  atrophic  paralysis  indicate  disease  of  the 
motor  nerve-cells  with  consequent  degeneration  of  the  motor  nerve- 
fibres  which  spring  from  them.  The  pathological  facts  fully  corroborate 
the  conclusion,  and  the  slighter  widespread  changes  in  the  anterior 
cornua  agree  perfectly  with  the  extensive  initial  palsy,  which  passes 
away.  Both  the  character  of  the  lesion  and  the  mode  of  onset,  suggest 
that  it  is  inflammatory  in  character  m  the  majority  of  cases.  In  rare 
instances,  as  already  stated,  the  almost  instantaneous  onset  suggests 
that  the  lesion  is  different  in  character,  is  vascular  in  its  nature,  probably 
haemorrhage,  although  the  character  of  the  symptoms  makes  it  pro- 
bable that  the  seat  of  the  lesion  is  the  same  as  in  those  of  the  common 

*  For  these  sections  I  am  indebted  to  Dr.  H.  Humphreys,  of  St.  Leonards.  The 
paralysis  came  on  at  one  and  a  half  years  of  age,  two  years  before  de«th,  and  involved 
most  of  tl>e  muscles  of  the  left  leg.  those  of  the  calf  in  greatest  degree,  so  that 
talipes  calcaneus  had  developed. 
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type.  These  cases  have,  moreover,  the  character  of  a  primary  haemor- 
rhage, not  of  hsemorrhagic  myelitis  (see  p.  281).  Signs  of  inflamma- 
tion do  not  precede  the  sudden  onset.  Thus  these  cases,  while  they 
belong  to  the  clinical  gi'oup  of  acute  atrophic  paralyses,  cannot  at  pre- 
sent be  placed  in  the  pathological  category  of  polio-myelitis.  They 
differ  from  the  inflammatory  cases  in  another  respect,  that  the  lesion 
is  confined  to  one  part  of  the  cord,  whereas  in  the  cases  that  are  cer- 
tainly myelitic,  it  is  frequent  for  diflierent  parts  of  the  cord  to  be 
damaged. 

The  wide  distribution  of  the  lesion  in  the  latter  cases,  and  its  varying 
degree  in  different  parts  of  the  grey  matter,  seem  to  preclude  the 
theory  that  the  mischief  is  set  up  by  an  initial  vascular  lesion,  such 
as  thrombosis.  It  is  to  be  remarked,  however,  that  when  the  disease 
is  in  the  cervical  region,  paralysis  of  the  legs  does  not  show  that  the 
lumbar  enlargement  is  also  diseased  unless  there  is  loss  of  irritability 
in  the  leg-muscles  or  abolition  of  reflex  action  in  the  legs.  They  may 
be  completely  paralysed  for  a  time  by  the  damage,  in  the  cervical 
region,  to  the  adjacent  lateral  columns,  which  occurs  in  rare  cases 
in  which  the  inflammation  of  the  grey  matter  is  very  intense. 

Diagnosis. — This  rarely  presents  any  difficulty  except  in  the  early 
stage.  When  the  initial  paralysis  is  passing  away,  and  the  wasting  is 
distinct,  the  nature  of  the  case  is  sufficiently  evident,  and  is  corroborated 
by  the  electrical  reactions,  by  the  loss  of  reflex  action,  and  by  the  absence 
of  any  impairment  of  sensibility.  At  the  onset,  however,  the  sym- 
ptoms may  readily  be  misinterpreted.  Initial  febrile  disturbance  is 
naturally  ascribed  to  some  general  cause  until  nervous  symptoms 
manifest  themselves.  Even  then  there  is  risk  of  error.  On  the  one 
hand,  as  we  have  seen,  a  diagnosis  of  a  general  disease  is  not  always 
relinquished  when  paralysis  appears,  but  the  latter  is  regarded  as 
secondary.  On  the  other  hand,  especially  in  young  children,  the 
existence  of  paralysis  is  often  ovei-looked  at  first,  and  it  is  supposed 
that  the  child  does  not  move  because  it  is  prostrate.  This  error  will 
not  be  made  if  it  is  remembered  that  mere  prostration  never  causes 
total  immobility,  and  a  fortiori  it  does  not  produce  local  immobility. 
When  the  pyrexia  ceases,  and  the  loss  of  power  persists  and  increases, 
the  existence  of  paralysis  is  always  unmistakeable.  The  initial  general 
disturbance  must  then  be  regarded  as  part  of  the  disease,  unless  there 
is  the  clearest  evidence  of  its  independent  nature. 

In  adults,  the  danger  of  mistaking  paralysis  for  prostration  is  con- 
siderably less,  but,  on  the  other  hand,  the  general  symptoms  are  as 
likely  to  be  misinterpreted  as  in  the  case  of  children.  The  rheumatoid 
pains,  which  are  so  common,  are  usually  regarded  as  evidence  of 
acute  rheumatism,  especially  when  the  affection  follows  exposure  to 
cold.  When  severe  rheumatoid  pains  are  not  localised  in  the  joints, 
and  especially  when  they  are  spontaneous,  and  not  influenced  by 
movement,  the  possibility  of  their  spinal  origin  should  be  remembered, 
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and  other  indications  of  spinal  mischief,  such  as  local  loss  of  power, 
tingling  or  formication,  should  be  carefully  watched  for  and  receive 
due  weight. 

Of  other  spinal  cord  diseases,  all  chronic  lesions  are  distinguished 
at  once  by  their  slow  onset  and  gradual  development.  There  should 
thus  be  no  danger  of  confusing  the  disease  with  any  chronic  form  of 
muscular  atrophy.  From  other  acute  diseases,  moreover,  the  dis- 
tinction is  only  difficult  in  the  early  stage.  As  soon  as  the  initial 
palsy  begins  to  clear,  and  the  muscles  in  one  part  begin  to  waste,  the 
nature  of  the  case  admits  of  no  doubt.  In  the  early  period  of  the  para- 
lytic stage,  the  disease  may  be  suspected  if  the  paralysis  is  of  wide 
extent,  and  the  diagnosis  may  be  made  with  certainty  about  the 
end  of  the  first  week  by  the  electrical  reaction.  Care  is  necessary  in 
making  the  examination,  but  if  properly  conducted  it  is  not  attended 
with  the  slightest  risk.  Faradaism  will  give  all  the  information 
required,  because  if  we  find  acute  loss  of  faradaic  irritability,  it  is 
certain  that  the  characteristic  alteration  in  voltaic  irritability  will 
follow.  The  isolated  faradaic  shocks  may  be  employed  with  advantage, 
because  the  condition  can  be  thus  ascertained  with  much  less  stimu- 
lation of  the  sensory  nerves  than  if  the  current  is  employed. 

Acute  transverse  myelitis,  affecting  the  dorsal  region,  causes  para- 
lysis of  the  legs,  but,  the  lumbar  enlargement  being  intact,  there  is  no 
loss  of  electric  irritability.  Moreover,  reflex  action  is  not  lost  (except 
during  the  first  day  or  two)  as  it  is  in  polio-myelitis,  and  at  the  end 
of  a  week  the  myotatic  irritability  becomes  excessive,  giving  rise  to 
an  increased  knee-jerk  and  the  ankle-clonus.  Sensation  is  usually 
impaired  at  first.  The  sphincters  are  usually  affected,  but  since 
they  are  sometimes  paralysed  in  polio-myelitis,  this  indication  is 
not  absolute.  If  wasting  occurs  in  these  cases  at  a  later  stage,  it  is 
moderate  and  general,  and  is  attended  with  no  change  in  electric 
irritability  or  only  with  a  slight  diminution  to  both  currents.  But 
transverse  myelitis,  if  seated  in  the  cervical  or  lumbar  enlargement, 
causes  symptoms  which  very  closely  resemble  those  of  severe  comual 
myehtis,  since  the  grey  matter  is  always  implicated,  and  rapid  wasting 
occurs  with  the  same  electrical  reactions.  Indeed,  the  two  conditions 
cannot  always  be  separated,  since  a  severe  comual  myelitis  involves 
the  adjacent  lateral  columns  and  so  is,  in  a  degree,  transverse.  And 
yet  the  diagnosis  may  often  be  made— by  the  affection  of  the  sensory 
tract,  and  by  the  greater  degree  of  affection  of  the  lateral  columns, 
and  the  occurrence  of  bedsores,  in  transverse  myelitis,  or  by  the 
indications  of  slighter  disease  elsewhere  in  comual  myehtis.  Thus 
transverse  myehtis  in  the  cervical  region  causes  total  and  long-con- 
tmued  paralysis  of  the  legs,  often  with  anesthesia;  in  cervical  cornual 
myehtis  the  paralysis  of  the  legs,  if  it  occurs,  is  incomplete,  and  soon 
improves,  while  sensation  is  unaffected.  In  cornual  myelitis  of  the 
lumbar  enlargement  there  may  be  shght  and  transient  paralysis  of 
one  or  both  arms— an  indication  that  the  morbid  process  is  dis- 
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seminated  in  distribution,  which  is  absent  in  transverse  lumbar 
myelitis.  In  extensive  spinal  haemorrhage  the  paralysis  is  absolute ; 
there  is  pain  in  the  back,  and  affection  of  the  sphincters,  while  bed- 
sores rapidly  form,  and  the  onset  is  sudden.  Comual  haemorrhage, 
as  already  stated,  is  distiuguishable  from  cornual  myelitis  only  by 
the  suddenness  of  the  onset.  The  separation  of  subacute  from  acute 
myelitis  of  the  grey  substance  is,  to  a  large  extent,  arbitrary.  The 
symjitoms  are  similar,  but  the  mode  of  onset  is  less  rapid  and  occupies 
more  than  a  week.  The  distinction  of  diphtheritic  paralysis  and  of 
multiple  neuritis  is  from  the  subacute  rather  than  the  p.cute  spinal 
atrophies,  and  is  considered  in  the  next  section. 

The  diagnosis  from  paralysis  of  cerebral  origin  is  usually  easy.  It 
has  to  be  made  chiefly  when  the  palsy  is  bilateral  or  hemiplegic,  or,  in 
the  chronic  stage,  when  the  arm  is  paralysed  and  the  case  simulates 
hemij)legia  with  recovery  of  the  leg.  Careful  attention  to  the 
symptoms  will  generally  prevent  error.  Loss  of  faradaic  irrritability 
never  occurs  in  cerebral  paralysis,  nor  does  extreme  muscular  wasting. 
The  skin-reflexes  may  be  lost  in  each,  but  the  muscle-reflex  action 
(myotatic  irritability)  which  is  lost  in  the  spinal  affection,  is  always 
preserved,  and  often  excessive,  in  cerebral  palsy.  In  the  latter,  in 
children,  mobile  spasm  and  spastic  inco-ordination  are  common  in  the 
hand,  while  in  spinal  infantile  paralysis  they  are  always  absent. 
Slight  paralysis  (or  spasmodic  over-action)  is  common  in  the  face  in 
cerebral  hemiplegia.  Any  cerebral  symptoms  which  may  attend  the 
onset  of  polio-myelitis,  convulsions,  delirium,  diplopia,  headache,  are 
brief  in  duration,  whereas  in  cerebral  lesions  they  may  be  very  severe 
and  continue  for  some  weeks.  The  convulsions  which  attend  the 
onset  of  infantile  spinal  paralysis  are  general,  while  in  a  cerebral  lesion 
they  are  usually  unilateral  or  commence  unilaterally. 

The  exceedingly  slow  onset  of  pseudo-hypertrophic  paralysis, 
developing  gradually,  as  it  does,  with  the  child's  growth,  ought  to 
render  its  confusion  with  polio-myelitis  impossible.  Cases  in  which  the 
muscles  are  small  instead  of  large,  are  sometimes  confounded  with 
acute  spinal  paralysis,  but  only  by  inattention  to  the  absolute  distinc- 
tion of  the  mode  of  onset. 

Diseases  outside  the  nervous  system  which  have  been  mistaken  for 
infantile  paralysis  are  chiefly  those  in  which  local  pain  interferes  with 
the  movement  of  the  limbs,  and  the  child  is  young.  I  have  known, 
for  instance,  the  mistake  to  be  made  in  the  case  of  hip- joint  disease, 
necrosis  of  the  femur,  and  the  affection  termed  "  scorbutic  rickets,"  in 
which  there  is  enlargement  of  the  shafts  of  the  long  bones,  extreme 
pain  on  movement,  and  spongy  gums.  In  all  these  cases,  a  careful 
examination  will  show  that  movement  is  interfered  with  only  by  the 
pain ;  there  is  no  actual  paralysis,  and  there  is  no  interference  with 
reflex  action.  The  preservation  of  the  myotatic  irritabtility  is  often  of 
considerable  assistance  in  these  cases.  It  is  common,  for  instance,  for 
the  extension  of  the  knee  to  be  interfered  with,  but  the  preservation 
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of  the  knee-jerk  at  once  proves  that  atrophic  paralysis  is  not  the  cause 
of  the  defect. 

Prognosis. — The  danger  to  life,  in  cases  in  which  the  nature  of  the 
disease  is  recognised,  is  extremely  small,  but  it  is  possible  that  children 
sometimes  die  fi-om  the  severity  of  the  initial  general  disturbance, 
before  the  development  of  the  characteristic  paralytic  symptoms.  In 
the  stage  of  paralysis  there  is  danger  to  life  only  when  the  chief 
disease  is  in  the  cervical  region.  Death  may  occur  at  the  end  of  a 
week  or  ten*  days  from  interference  with  respiration ;  the  degree  of 
which  is  a  measure  of  the  danger  to  life.  Definite  cerebral  symptoms 
are  also  of  very  grave  significance.  In  the  vast  majority  of  cases 
the  disease  entails  no  immediate  danger  to  life.  But  children  are 
left  with  little  power  of  resistance  to  other  morbid  influences,  and 
occasionally  succumb  to  some  other  illness,  as  an  acute  specific 
disease,  or  an  attack  of  bronchitis,  a  few  weeks  or  months  after  the 
onset  of  the  paralysis. 

As  soon  as  the  paralysis  has  become  stationary,  i.  e.  has  not  increased 
for  twenty -four  hours,  the  danger  of  further  extension  is  extremely 
small.  But  the  question  at  once  arises,  and  is  anxiously  asked, — What 
will  be  the  permanent  condition  ?  Will  there  be  lasting  paralysis  ? 
An  answer  cannot  be  given  until  the  end  of  the  first  week  or  ten  days, 
and  then  only  by  means  of  an  electrical  examination.  Whatever 
muscles,  at  the  end  of  that  time,  have  lost  faradaic  irritability,  will 
certainly  waste  and  remain  for  a  long  time  paralysed.  On  the  other 
hand,  if  there  is  no  loss  of  irritability  at  the  end  of  ten  days,  but  it  is 
apyjarent  at  the  end  of  a  fortnight  or  three  weeks,  the  wasting  will  be 
slighter  in  degree,  and  considerable  ultimate  recovery  may  be 
confidently  looked  for  even  in  the  most  affected  part.  Where  there  is 
no  loss  of  irritability,  the  paralysis  will  pass  away  in  the  course  of  a 
few  weeks,  or  at  most  of  a  few  months.  Where  irritability  is  lost 
tardily,  there  will  be  wasting  and  paralysis  for  several  months.  Where 
irritability  is  lost  early  the  wasting  will  be  rapid  and  great,  the  para- 
lysis will  last  for  one  or  several  years,  and  it  is  unlikely  that  perfect 
recovery  will  take  place.  Without  an  electrical  examination  it  is 
necessary  to  wait  longer  before  a  prognosis  can  be  given,  until  distinct 
wasting  on  the  one  hand  and  improvement  on  the  other,  indicate  the  ' 
region  in  which  the  paralysis  will  persist  and  in  which  it  will  pass 
away. 

In  the  chronic  stage  the  prospect  of  ultimate  recovery  depends  on 
the  rate  at  which  wasting  developed,  on  the  electrical  reaction,  and  on 
the  duration  of  the  case.  Where  the  wasting  is  great  and  has  been 
rapid,  and  faradaic  irritability  is  entirely  absent,  although  some 
recovery  may  occur,  it  is  not  likely  to  be  complete,  and  if  this  con- 
dition exists  a  year  after  the  onset,  it  is  improbable  that  more  than 
very  slight  improvement  will  occur.  On  the  other  hand,  if,  at  the  end 
of  one  or  two  months,  some  faradaic  irritability  can  be  still  detected. 
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although  low  in  degree  (i.  e.  elicited  only  by  a  strong  current)  con- 
siderable improvement  is  probable,  and  actual  recovery  is  possible  at 
the  end  of  six  or  eight  months.  It  is  necessary,  in  the  case  of  children, 
to  remember,  and  warn  the  friends,  that  the  growth  of  the  most  affected 
limb  will  be  hindered,  and  that  this,  in  the  case  of  the  leg,  may  render 
the  effect  of  the  paralysis  more  obtrusive  by  its  interference  with  the 
gait,  although  real  improvement  may  be  taking  place. 

Teeatment, — The  treatment  of  the  acute  stage  of  the  disease  is 
essentially  the  same  as  that  of  myelitis,  already  described,  and  the 
rules  and  principles  already  stated  need  not  be  here  repeated.  In  the 
initial  stage  it  should  be  that  of  general  febrile  disturbance,  conse- 
quent on  a  local  inflammation.  In  such  a  disease,  in  which  there  is  a 
natural  tendency  for  the  morbid  process  to  cease  to  spread,  and  then 
to  lessen  in  extent,  the  difficulty  of  ascertaining  the  actual  effect  of 
the  drugs  employed  is  extremely  great,  and  hence  the  very  different 
opinions  which  have  been  expressed  regarding  their  influence. 

When  the  acute  stage  is  over  and  the  condition  of  the  patient  is 
stationary,  the  general  treatment  should  be  tonic,  iron  and  quinine 
being  the  most  useful.  The  influence  of  strychnine  is  also  probably 
beneficial,  although  its  use  is  undesirable  while  the  motor  elements  9f 
the  cord  are  the  seat  of  an  active  morbid  process. 

Electricity  has  been  strongly  advocated,  and  largely  used,  in  the 
treatment  of  this  disease,  and  there  is  reason  to  believe  that  it  is 
useful,  although  its  influence  has  been  much  exaggerated.  In  no 
sense  is  it  a  curative  agent,  and  there  is  no  evidence  that  its  application 
to  the  spine  is  capable  of  increasing  the  degree  or  accelerating  the 
course  of  the  recovery  of  the  nerve-elements.  Nor  is  it  easy  to  obtain 
evidence  of  its  influence  over  the  muscles.  If  the  wasting  is  rapid, 
this  progresses  in  spite  of  daily  and  sedulous  applications.  Neverthe- 
less its  demonstrable  effect  on  the  muscles  in  causing  their  contraction 
must  have  an  influence  in  the  right  direction  upon  their  nutrition. 
Faradisation  is  useless,  since  the  muscles  cannot  respond  to  it,  but  to 
the  voltaic  current  they  act  readily,  and  their  daily  stimulation  by  its 
means  tends  to  maintain  their  contractility.  This  is,  it  is  true,  of  no 
avail  if  no  recovery  takes  place  in  the  spinal  cord,  but  in  most  cases 
some  recovery  in  the  cord  does  occur,  and  when,  after  months,  the 
nerve-elements  regain  the  power  of  conducting  the  voluntary  impulse, 
the  muscles  are  in  a  better  condition  to  respond  to  it,  if  they  have  been 
regularly  galvanised,  than  if  they  have  been  left  alone,  a  prey  to 
unhindered  degenerative  processes.  The  influence  of  electricity  is 
clearly  shown  by  cases  in  which  no  treatment  has  been  adopted  for  six 
or  twelve  months  after  the  onset.  No  response  may  at  first  be  obtained 
to  the  current,  but  after  a  few  applications  contractility  returns,  and  is 
often  followed  by  slight  voluntary  power.  The  mode  of  application 
should  be  to  place  the  positive  electrode  on  the  upper  part  of  the 
muscle  and  to  stroke  the  negative  down  it.    The  application  can  be 
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made  perfectly  well  by  an  intelligent  nurse,  since  the  diffusion  of  the 
voltaic  current  is  so  great  that  there  is  not  the  same  necessity  for  the 
exact  localisation  of  the  electrodes,  as  in  the  use  of  faradaism. 
Large  well-wetted  sponges  should  be  used.  The  current  should  be  no 
stronger  than  will  cause  distinct  contraction  in  the  muscle.  In  young 
children  the  application  sometimes  occasions  considerable  emotional 
disturbance.  This  may  often  be  avoided  by  commencing  with  a  very 
weak  current.  It  is  better,  indeed,  to  commence  with  no  current  at 
all,  applying  the  sponges  in  the  way  directed,  so  that  the  child  may 
be  familiar  with  them,  and  cease  to  fear  them.  Then  two  or  three 
cells  may  be  used,  and  the  strength  gradually  increased  day  by  day. 
In  this  way  a  current  strong  enough  to  cause  contraction  will  often 
be  tolerated.  If,  however,  in  spite  of  these  precautions,  this  strength 
cannot  be  employed  without  distressing  and  disturbing  the  child,  the 
attempt  to  obtain  muscular  contraction  should  not  be  persevered  in, 
but  only  such  a  current  employed  as  does  not  disturb  the  child.  The 
influence  of  the  current,  if  slighter,  is  still  in  the  right  direction,  and 
the  slightly  greater  influence  of  the  stronger  current  is  more  than 
counterbalanced  by  the  harm  caused  by  daily  severe  emotional 
distress.  The  electrical  treatment  may  be  commenced  at  the  end  of 
the  third  or  fourth  week  after  the  onset.  It  should  not  be  used 
earlier,  lest  it  excite  increased  disturbance  in  the  spinal  cord.  The 
application  need  only  be  made  to  those  muscles  in  which  faradaic 
irritability  is  lowered  or  lost.  Other  muscles  will  either  recover 
perfectly  without  its  aid,  or  (as  in  the  case  of  paralysis  of  the  legs  from 
implication  of  the  lateral  columns  in  the  cervical  region)  will  be 
uninfluenced  by  electricity. 

Another  measure  which  should  be  employed  is  systematic  rubbing 
of  the  limbs.  This  stimulates  the  circulation,  which  is  always  defective, 
as  the  blue,  cold  surface  shows.  It  no  doubt  also  increases  the  move- 
ment of  the  fluids  in  the  tissues  outside  the  vessels,  and  so  probably 
increases  the  interchange  of  material.  The  muscles  should  be  daily 
rubbed,  and  kneaded,  and  gently  pinched.  The  rubbing  should  be 
especially  upwards,  so  as  to  expedite  the  movement  of  the  blood  in  the 
veins.  No  liniment  is  needed ;  the  uncovered  hand  answers  best.  Cod- 
liver  oil  is  sometimes  rubbed  in.  There  is  no  other  objection  to  this 
than  that  it  is  apt  to  distract  the  attention  of  the  rubber  from  the  real 
object,  and  therefore  from  the  proper  method  of  the  rubbing.  But 
the  oil  does  not  reach  the  deeper  structures  of  the  limb  sooner  or  in 
greater  degree  than  if  taken  into  the  stomach.  Great  care  should  be 
taken,  at  all  times,  to  keep  the  affected  limbs  as  warm  as  possible. 

In  all  cases  in  which  the  back-muscles  are  weak  even  in  slight  degree, 
bronchial  catarrh  must  be  guarded  against  with  great  care.  In  all 
such  cases  the  muscles  of  respiration  are  weakened,  and  although 
normal  breathing  may  not  be  impaired,  the  diminution  in  strength 
may  render  an  acute  bronchial  catarrh  rapidly  fatal,  and  this  even 
months  after  the  onset  of  the  paralysis. 
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A  very  important  element  in  tlie  management  of  the  chronic  stage 
is  the  prevention  and  treatment  of  the  muscular  contractions,  and  of 
the  deformities  to  which  these  give  rise.    The  contractions  cannot  be 
entirely  hindered,  but  they  may  often  be  prevented  reaching  a  high 
degree  by  careful  attention  to  the  position  of  the  limbs,  and  by 
watching  for  and  treating  the  earliest  indication  of  shortening  of  the 
muscles.    It  is  needless  to  discuss  in  detail  the  varied  influence  of 
posture  in  these  cases  ;  careful  and  frequent  examination  of  the  patient 
will  show  whether  any  deviation  from  normal  relations  is  being  deve- 
loped, and  its  counteraction  is  chiefly  a  matter  of  common  sense,  and 
a  little  practical  ingenuity.    Of  especial  importance,  however,  are  the 
prevention  of  the  curvatures  of  the  spine  which  are  caused  by  allowing 
the  patient  to  sit  up  before  the  back-muscles  have  regained  the  neces- 
sary power,  and  the  prevention  of  the  contraction  of  the  flexors  of  the 
hip  and  knee-joints  which  occurs  when  the  patient  is  allowed  to  lie  in 
bed  with  the  legs  drawn  up.    More  difficult  of  prevention  is  the  con- 
traction of  the  calf-muscles,  often  aggravated  in  consequence  of  the 
lessened  growth  of  the  limb.    Something  may  be  done  during  the 
process  of  rnbbing,  for  the  prevention  of  deformities.    While  the  con- 
tracted muscles  are  rubbed  upwards,  they  should  be  extended  gently 
but  firmly.    Thus,  if  the  calf-muscles  are  shortened  the  foot  should  be 
steadily  pressed  upwards  while  the  calf  is  rubbed.    A  light  Scai-pa's 
slipper,  worn  at  night,  often  aids  in  overcoming  the  contraction  at  the 
ankle-joint.    For  developed  deformities,  due  to  great  shortening  of  the 
muscles,  surgical   treatment   by  splints    or   tenotomy  is  usually 
necessary. 

Mechanical  appHances  are  of  unquestionable  value  in  the  treatment 
of  these  cases  during  the  chronic  stage.  They  tend  to  counteract 
deformities,  and  to  supplement  weak  muscles.  Thus  they  often  enable 
a  child  to  walk,  who  could  not  do  so  without  their  aid.  Achieving 
this  they  also  do  more.  If  a  child  cannot  attempt  to  walk,  muscles 
are  unused  which  have  regained  some  power,  and  power  is  often 
increased  to  a  remarkable  extent  when  instrumental  aid  enables  these 
muscles  to  be  brought  into  active  use.  In  all  these  cases,  however, 
the  instruments  require  frequent  attention  and  alteration  to  adapt  them 
to  the  changes  due  to  growth.  Much  patience  and  perseverance  are 
required  in  the  management  of  the  case  through  its  long  and  tedious 
course. 
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Subacute  and  Chronic  Atrophic  Spinal  Paralysis 
(subacute  and  chronic  polio-myelitis). 

Under  this  designation  cases  have  been  described  in  wliicli  paralysis, 
followed  by  muscular  atrophy,  comes  on  less  rapidly  than  in  the  acute 
form,  its  development  occupying  from  ten  to  thirty  days,  in  the  cases 
which  are  termed  "  subacute,"  and  from  one  to  six  months  or  even 
more,  in  those  which  are  called  "chronic."    The  shorter  the  period 
occupied  by  the  development  of  the  disease,  the  more  distinctly  does 
weakness  precede  wasting,  and  the  more  marked  is  the  degenerative 
reaction  in  the  muscles.    But  the  cases  included  under  this  name 
differ  much  in  their  characters,  and  certainly  belong  to  several  distinct 
forms  of  disease.    Some  are  diseases  of  the  spinal  cord,  others  are 
diseases  of  the  nerves.    The  spinal  forms  are  rare.    The  majority  of 
instances  of  the  subacute  form  are  examples  of  multiple  neuritis.  The 
cases  of  atrophic  paralysis  in  which  the  onset  is  not  acute  may  be  placed 
in  three  classes. 

(1)  Cases  of  subacute  comual  myelitis  which  differ  from  the  acute 
form,  already  described,  only  in  their  slower  development.  They  present 
the  same  initial  general  disturbance,  and  wide  extent,  and  the  same 
recovery,  except  in  a  limited  region  in  which  muscular  wasting  occurs. 
Most  of  the  sufferers  have  been  adults.  Little  is  known  of  the  exciting 
causes  of  this  form  further  than  that  it  certainly  sometimes  follows 
exposure  to  cold.  Frequently,  however,  no  cause  has  been  traced. 
The  symptoms  and  general  history  of  these  cases  present  no  important 
difference  from  the  acute  form. 

(2)  Cases  which  differ  from  the  type  just  described  in  the  important 
characteristic   that  their  course  is  progi-essive   instead    of  being 
regressive.    The  onset  is  subacute  or  subchronic,  occupying  from  a 
fortnight  to  several  months,  but  instead  of  arrest  followed  by  improve- 
ment, the  more  or  less  rapid  onset  is  followed  by  slower  gradual  increase, 
until  at  last  widespread  chronic  muscular  atrophy  is  developed.  This 
variety  was  first  described  by  Duchenne  in  184<9.    By  some  it  has  been 
regarded  as  merely  a  chronic  form  of  the  acute  affection,  but  the 
difference  in  course  makes  it  probable  that,  as  Erb  suggests,  it  is  really 
a  distinct  malady.    This  form  also  is  chiefly  confined  to  adults.  It 
occasionally  results  from  cold,  and  sometimes  from  injury,  as  a  fall  on 
the  back.    Intemperance,  and  venereal  excesses  are  also  said  to  cause 
it.    The  widespread  muscular  atrophy  which  sometimes  results  from 
lead-poisoning  is  probably  of  the  same  nature. 

In  the  subacute  cases  there  may  be  slight  fever  at  the  onset. 
Pam  in  the  back  is  common,  and  sometimes  there  is  tingling  or 
formication  in  the  limbs.  Loss  of  power  usually  commences  in  the 
legs,  and  steadily  increases,  with  loss  of  all  reflex  action,  but  with  no 
affection  of  sensibility.  Muscular  wasting  occurs  irregularly,  some 
groups  of  muscles  being  chiefly  involved.  The  upper  limbs  are  affected 
after  the  lower,  but  in  a  similar  manner.    The  muscles  usually  present 
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the  degenerative  reaction,  loss  of  faradaic  irritability  with  increased 
and  altered  voltaic  irritability,  but  in  some  cases,  in  consequence  of  the 
unequal  affection  of  the  nerve-fibres,  there  is  the  mixed  form  of  dege- 
nerative reaction  (p.  21),  faradaic  irritability  is  preserved  in  the  nerve, 
while  in  the  muscles  voltaic  irritability  is  increased  and  altered.  In 
many  of  the  more  chronic  cases,  however,  there  is  a  simple  loss  to  both 
farad aism  and  voltaism.    The  sphincters  almost  invariably  escape. 
Loss  of  power  usually  precedes  wasting.    In  some  cases,  the  affection 
exhibits  a  persistently  progressive  chai-acter,  muscular  atrophy  slowly 
increases  and  extends,  until  the  case  ultimately  resembles  one  of 
progressive  muscular  atrophy,  and  the  patient  dies  at  the  end  of  one 
or  two  years  from  exhaustion,  or  from  interference  with  the  respiratory 
movements.    In  other  cases,  the  atrophy,  after  slowly  progressing  for 
many  months,  becomes  stationary,  and  considerable  improvement  may 
ultimately  take  place.    This  course  is  seen  especially  in  traumatic 
cases.    Few  observations  on  the  pathological  anatomy  of  the  affection 
have  been  made.    Cornil  and  Lepine  found,  in  one  case,  at  the  end 
of  four  years,  softening  of  the  lower  part  of  the  spinal  cord,  chiefly 
in  the  anterior  cornua,  disappearance  of  the  ganglion  cells,  increase 
of  the  connective  tissue,  and  sclerosis  of  the  white  substance  around 
the  anterior  horns.    The  diagnosis  from  the  first  form  rests  on  the 
slow  progressive  onset  and  course  of  the  disease,  and  the  fact  that 
it  either  does  not  become  stationary  at  all,  or  not  until  after  many 
months.    Although  the  degenerative  reaction  may  be  present  in  the 
muscles,  it  is  frequently  absent,  and  this  is  another  distinction  from 
the  acute  variety.    On  the  other  hand,  the  fact  that  paralysis  precedes 
wasting  is  a  distinction  from  progressive  muscular  atrophy.    In  the 
most  chronic  form,  however,  this  distinction  fails,  and  cases  are  met 
with  which  present  a  gradation  between  the  two  diseases.    The  pro- 
gnosis is  grave  except  in  traumatic  cases,  but  is  influenced  by  the 
observed  rate  of  progress,  and  the  presence  or  absence  of  any  mdica- 
tions  of  arrest.    When  the  result  of  injury,  considerable  improvement 
is  not  uncommon,  and  it  is  remarkable  how  great  a  degree  of  paralysis 
and  atrophy  may,  in  these  cases,  ultimately  pass  away  almost  com- 
pletely   The  treatment  of  the  disease  must  be  influenced  by  the 
rapidity  of  its  onset.    In  the  subacute  stage  and  form  it  should  be 
conducted  on  the  same  principles  as  that  of  acute  comual  myelitis. 
In  the  chronic  form  the  treatment  must  be  the  same  as  for  progressive 

muscular  atrophy.  . 

(3)  There  is  no  doubt  that  many  subacute  and  chrome  cases,  whicli 
have  been  described  as  atrophic  spinal  paralysis,  are  peripheral,  not 
central  in  their  nature,  and  are  cases  of  multiple  neuntis,  the  sym- 
ptoms and  diagnostic  indications  of  which  have  been  already  described. 
The  history  of  the  subacute  spinal  disease  has  been  largely  written 
from  cases  of  multiple  neuritis. 
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Several  diseases  cause  rapid  palsy,  which  commences  in  the  legs 
and  ascends  to  the  muscles  of  the  trunk,  the  arms,  muscles  of  the 
nect,  the  diaphragm  and  the  pharynx.  Such  ascending  paralysis  may 
be  caused  by  meniugeal  haemorrhage,  and  by  ascending  myelitis,  but 
it  occurs  also  in  cases  in  which  the  other  symptoms  of  these  lesions 
are  absent,  and  in  which  the  spinal  cord,  after  death,  appears  healthy 
to  both  naked  eye  and  microscopical  examination. 

The  pathological  nature  of  these  cases  is  mysterious,  but  they  cannot 
be  classed  with  other  recognised  lesions  of  the  spinal  cord.  The 
affection  has  been  provisionally  termed  "  acute  ascending  paralysis  "  or 
"  acute  general  paralysis,"  in  the  absence  of  any  evidence  of  its  nature. 
It  was  first  described  by  Landry  in  1859,  and  hence  is  often  called 
Landri/s  paralysis.  Acute  ascending  paralysis  is  a  formidable  malady, 
most  cases  proving  fatal  in  a  few  days. 

Causes. — The  remote  etiology  of  the  disease  resembles,  in  general, 
that  of  acute  myelitis.  The  disease  affects  males  more  frequently  than 
females.  It  occurs  chiefly  between  twenty  and  forty  years  of  age,  but 
has  been  observed,  in  rare  cases,  in  older  and  younger  persons,  and 
even  in  children.  Severe  exposure  to  cold  has  been  the  exciting  cause 
in  many  instances.  The  symptoms  have  occasionally  come  on  during 
convalescence  from  some  general  disease,  smallpox,  diphtheria,  typhoid 
fever.  The  affection  has  been  ascribed  to  syphilis,  and  the  symptoms 
have  been  said  to  pass  away  under  antisyphiHtic  treatment.  Difficult 
as  it  is  to  conceive  by  what  mechanism  this  cause  can  be  effective, 
many  cases  of  the  kind  have  been  described. 

Symptoms.— Premonitory  symptoms  have  been  noted  in  a  few  cases, 
—general  malaise,  pains  in  the  head  and  back,  tingling  in  the  extremi- 
ties—for a  few  days  or  a  week  before  the  onset.  The  first  definite 
symptom  is  usually  weakness  of  the  legs,  often  commencing  in  one 
and  spreading  to  the  other.  The  weakness  increases  rapidly,  so  that 
the  power  of  standing  is  lost,  sometimes  in  a  few  hours,  sometimes  at 
the  end  of  two  or  three  days,  and  it  goes  on  to  complete  paralysis,  with 
relaxation  of  the  muscles.  As  the  legs  become  motionless  the  muscles 
of  the  trunk  become  weak,  first  those  of  the  pelvis,  loins,  and  abdomen 
then  of  the  thorax.  The  weakness  next  invades  the  arms  ;  either  the 
upper  arm  muscles  or  those  of  the  forearm  and  hand  may  be  first 
attacked,  and  one  arm  is  often  weakened  before  the  other.  The 
paralysis  of  the  arms  may  become  absolute,  like  that  of  the  legs  or 
some  power  of  movement  may  remain.  The  diaphragm  and  neck 
muscles  then  suffer,  and  difficulty  of  swallowing  comes  on,  sometimes 
With  paralysis  of  the  muscles  of  the  palate,  and  often  speech  becomes 


276 


SriNAL  OORD. 


difficult,  nasal,  and  indistinct.  The  inability  to  swallow  may  become 
so  great  that  the  patient  has  to  be  fed  through  a  tube,  and  the 
paralysis  may  involve  the  muscles  of  articulation  to  such  an  extent 
that  utterance  may  be  altogether  unintelligible.  There  is  dyspnoea 
from  the  weakness  of  the  muscles  of  respiration. 

The  tingling  and  analogous  subjective  sensory  disturbance  have 
been  followed,  in  some  cases,  by  hypersesthesia  of  the  skin,  and 
tenderness  of  the  muscles.  There  may  be  some  blunting  of  sensi- 
bility in  the  extremities  as  the  paralysis  becomes  absolute,  but  there 
is  no  considerable  loss  of  sensation.  A  firm  touch  can  usually  be 
perceived,  anywhere ;  perception  of  painful  impressions  and  of  heat  or 
cold  is  sometimes  delayed.  At  first  reflex  action  is  lost  in  the  affected 
limbs,  both  cutaneous  reflex  action  and  myotatic  irritability.  In 
cases  rapidly  fatal  the  loss  has  continued  till  death.  In  cases  that 
have  recovered,  reflex  action  has  returned,  but  recorded  cases  have 
presented  considerable  differences  in  this,  respect,  and,  as  there  is 
some  doubt  as  to  the  nature  of  many  non-fatal  cases,  -there  is  some 
uncei-tainty  as  to  this  point.  In  some  the  myotatic  irritability  has 
soon  returned  and  has  even  become  excessive.  In  others  it  has 
remained  absent,  and  not  until  all  paralytic  symptoms  have  dis- 
appeared, has  the  knee-jerk  returned. 

In  spite  of  the  early  flaccidity  of  the  muscles,  if  life  is  prolonged 
they  present  neither  wasting  nor  change  in  electrical  irritability.  A 
trifling  reduction  in  size  may  occur,  but  there  is  no  muscular  atrophy 
such  as  occurs  in  poliomyelitis,  and  even  after  several  weeks  the  most 
careful  examination  fails  to  reveal  any  abnormal  electrical  reaction. 
According  to  observations  by  Eemak  and  others,  this  may  be  regarded 
as  characteristic  of  the  disease.  The  sphincters,  moreover,  escape  in  the 
vast  majority  of  cases,  but  not  in  all ;  there  is  no  tendency  to  the 
occurrence  of  bedsores.  The  cerebral  functions  are  not  involved,  and 
the  state  of  the  patient  who,  with  unimpaired  intellect,  cannot  express 
himself  either  by  speech  or  gesture,  is  painful  in  the  extreme. 

As  a  rule  there  is  no  elevation  of  temperature,  even  during  the  rapid 
development  of  the  symptoms.  It  is  not,  however,  certain  that  there 
is  never  initial  fever.  In  one  or  two  cases,  which  were  not  fatal,  brief 
pyrexia  attended  the  onset,  and  in  a  few  others  febrile  disturbance 
occurred  during  the  subsequent  course  of  the  affection.  In  at  least 
one  febrile  case  the  symptoms  passed  away  with  a  rapidity  and 
completeness  that  seem  incompatible  with  an  ordinary  inflammation  of 
the  cord.  An  acute  enlargement  of  the  spleen  was  first  noted  by 
Wesphal,  and  has  since  been  observed  in  several  other  cases,  so  that 
it  is  perhaps  constant. 

Thus  the  chief  feature  of  the  disease  is  an  almost  purely  motor 
paralysis,  progressive  in  character,  with  relaxation  of  the  muscles 
during  the  acute  stage  of  the  disease.  Although  usually  ascend- 
ing in  course,  the  arms  are  occasionally  involved  before  the  legs, 
and  the  bulbar  symptoms  have  been  known  to  precede  the  others. 
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The  muscles  of  respiiution  are  sometimes  little  affected  until  after 
the  paralysis  Las  reached  the  throat.     Very  rarely  other  cranial 
nerves   have  suffered  in  slight  degree ;  there  has  been  diplopia, 
paralysis  of  accommodation,  or  dilatation  of  one  pupil.    In  one  case 
the  face  was  paralysed  on  both  sides.    The  disease  varies  considerably 
in  the  rate  of  its  progress.    It  may  run  its  course  and  end  in  death  in 
forty-eight  hours.    A  large  proportion  of  the  fatal  cases  last  less  than 
a  week.    On  the  other,  hand,  the  disease  may  only  attain  its  height  at 
the  end  of  two,  three,  or  even  four  weeks.    In  some  cases,  apparently 
of  the  same  character,  the  paralysis  of  the  limbs  has  not  been  complete 
and  bulbar  symptoms  have  been  absent.    There  may  be  a  rapid 
extension  of  the  paralysis  to  a  certain  point,  and  it  may  then  cease  to 
spread,  and  the  limbs  last  and  least  affected  may  slowly  regain  power, 
the  order  of  recovery  of  the  muscles  being  the  opposite  to  that  of  their 
invasion.    When  recovery  has  occurred,  two  or  three  months  have 
usually  elapsed  before  the  weakness  entirely  disappeared,  but  in  a  few 
cases  there  has  been  a  more  rapid  improvement  and  the  patient  has 
been  well  in  a  few  weeks.    It  is  probable,  however,  that  some  cases 
recorded  as  recoveries  from  this  disease  have  been  cases  of  myelitis,  or 
of  rapid  multiple  neuritis. 

Pathology.— In  several  cases  the  most  careful  and  skilled  examina- 
tion has  failed  to  discover  any  morbid  appearance  in  the  spinal  cord, 
nerves,  or  muscles.  Minute  haemorrhages,  met  with  occasionally,  have 
probably  occurred  during  the  last  moments  of  life.  In  a  few  cases, 
apparently  similar  to  the  others,  sUght  scattered  indications  of 
inflammation  have  been  found  in  the  grey  matter  of  the  cord,  with 
degenerative  changes  in  the  ganglion  cells  (Immermann) .  In  addition 
to  the  enlargement  of  the  spleen  observed  during  life  and  found  also 
after  death,  the  abdominal  glands  have  been  found  swollen.  Bacteria 
were  found  m  the  glands  by  Baumgarten,  but  others  (Wesphal,  Kahler 
and  Pick)  have  looked  for  them  without  success. 

In  the  absence  of  any  consta,nt  anatomical  changes,  the  nature  of 
the  disease  is  a  matter  of  speculation,  which  is  the  more  uncertain  since 
the  clmical  separation  of  this  from  other  maladies  is  often  difficult  The 
traces  of  inflammation  in  the  grey  matter,  which  have  been  found  in  a 
few  cases  of  ascending  course,  have  been  regarded  by  some  writers,  in 
ranee  especially,  as  an  indication  that  the  disease  is  really  a  form  of 
pohomyehtis^  inseparable  from  the  common  form  of  acute  atrophic 
paralysis.  But  the  fact  that,  in  patients  who  survive,  there  is  no 
.vastmg  and  there  is  no  change  in  the  electrical  irritability  of  the 
muscles  seems  opposed  to  this  view,  and  the  common  absence  of  fever 

?ht.  f '°  "'^"'^  ^  inflammation. 

Thes  considerations,  coupled  with  the  frequently  rapid  course  of  the 

th  t  n    '  '^'-^  «"PP°^t  from  the  discovery 

that  acute  swelling  of  the  spleen  is  common,  and  of  the  lymphatic 
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glands  not  rare.    Such  lesions  indicate  a  morbid  Hood-state,  The 
fact  that  paralysis  of  accommodation  has  been  observed  affords  some 
confirmation  of  this  view,  since  the  isolated  acute  paralysis  of  a 
functional  centre,  not  anatomically  separate  from  others,  is  known  only 
as  a  consequence  of  a  toxic  influence.    If  this  hypothesis  is  admitted 
as  probable,  the  question  remains — on  what  nerve-structures  is  this 
toxic  influence  exerted  ?    It  is  clearly  upon  some  part  of  the  motor 
path.    The  absence  of  atrophy  or  altered  reaction  of  the  muscles  shows 
that  the  interruption  is  not  in  the  lower  segment  of  the  motor  path 
(p.  116),  while  the  flaccidity  of  the  muscles  and  the  prolonged  impair- 
ment of  myotatic  irritabihty  suggests  that  the  structures  on  which  the 
morbid  influence  acts  are  not  far  from  the  lower  segment,  are  in  or  near 
the  grey  matter  in  which  that  segment  begins.    Curara  abolishes  the 
function  of  the  termination  of  the  lower  segment  of  the  motor  path, 
i.e.  of  the  nerve-endings  in  the  muscles.    It  may  be  that,  in  this  disease, 
some  toxic  influence  impairs  in  an  analogous  manner  the  function  of  the 
termination  of  the  upper  segment,  paralyses  the  ramification  in  which, 
as  we  have  seen  (p.  115),  the  pyramidal  fibres  must  end  in  the  grey 
matter,  and  by  which  they  are  connected  with  the  lower  segment.*  It 
has  been  already  pointed  out  (p.  144)  that  the  nutritional  stability  of 
the  termination  is  probably  lower  than  that  of  any  other  part  of  each 
segment,  since  it  is  the  part  farthest  from  the  nerve-cell  from  which 
the  fibre  proceeds,  and  on  which  its  nutrition  depends.    The  greater 
length  of  the  fibres  for  the  lumbar  region  may  render  their  termination 
more  susceptible  than  that  of  the  fibres  for  the  arm,  and  hence  the 
ascending  course  of  the  paralysis.    It  is,  moreover,  readily  conceivable 
that  the  effect  extends  in  slight  degree  to  other  structures  in  the  grey 
matter  ;  those  for  instance,  which  intei-vene  between  the  sensory  and 
motor  cells,  and  thus  the  loss  of  reflex  action  and  myotatic  irritability 
are  explained,  as  well  as  the  muscular  relaxation,  since,  as  we  have  seen, 
muscular  tone  must  be  ascribed  to  a  reflex  process.    The  structure 
affected  may  vary  somewhat  in  different  cases,  and  thus  the  state  of 
reflex  action  may  vary.    The  facts  of  diphtheritic  paralysis  also  show 
that  the  effects  of  such  a  toxic  influence  may  lead  to  secondary  inflam- 
mation, and  we  can  thus  understand  that  indications  of  such  inflamma- 
tion in  the  grey  matter  may  be  occasionally  met  with.    The  bulbar 
symptoms  come  under  the  same  explanation.    The  motor  path  through 
the  nuclei  of  the  medulla  has  the  same  pathological  relations  as  that 
which  passes  throu  gh  the  grey  matter  of  the  spinal  cord.    The  separate 
affection  of  nerve- structures,  distinct  from  others  only  in  function,  is 
common  in  the  phenomena  of  toxic  actions.    There  are  no  facts  to  show 
the  nature  of  the  blood  state,  its  causes,  or  alliances,  except  that  on  the 
one  hand  the  frequent  relation  of  the  disease  to  cold  suggests  an  analogy 
with  rheumatic  blood-states,  while,  on  the  other,  its  occasional  relation 
to  acute  specific  diseases  is  noteworthy.    Perhaps  the  malady  to  which 
*  The  symptoms  of  lathyrism  suggest  that  such  an  effect  is  actually  produced  in 
that  toxic  state. 
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acute  ascending  pai-alysis  bears  tlie  closest  analogy  is  diphtheritic 
paralysis.  The  supposed  relation  of  some  cases  to  syphilis  is  as  obscure 
as  are  most  other  points  in  the  pathology  of  the  disease.* 

Diagnosis. — The  disease  is  recognised  by  the  rapid  development  of 
ascending  palsy  with  relaxation  of  the  muscles,  and  with  loss  of  reflex 
action,  without  fever,  considerable  pain,  or  loss  of  sensation,  and  if  the 
patient  siu'vives,  without  wasting  of  the  muscles  or  change  in  electrical 
irritability.  The  latter  characteristic  distinguishes  the  disease  from 
acute  atrophic  paralysis,  while  the  absence  of  pain  in  the  back  and  of 
spasm  is  a  distinction  from  meningeal  haemorrhage.  The  diagnosis 
from  general  ascending  myelitis  has  been  already  considei^ed  (p.  231). 

Prognosis. — The  affection  is  one  of  extreme  gravity.  The  danger 
to  life  is  in  proportion  to  the  interference  with  respiration  and  with 
the  functions  of  the  bulbar  nerves,  and  also  to  the  rapidity  with  which, 
the  palsy  develops.  But  tlie  cases  which  develop  with  comparative 
slowness  are  not  devoid  of  danger.  Even  when  the  symptoms  only 
reach  their  height  at  the  end  of  three  or  four  weeks,  death  may  occur 
in  the  same  way  a.s  in  the  more  rapid  cases.  On  the  other  hand 
recovery  has  been  known,  although  the  patient  has  lost  all  power  of 
motion  at  the  end  of  the  second  day.  The  danger  is  great  as  long  as 
the  symptoms  are  increasing,  and  only  when  distinct  improvement  can 
be  recognised  is  it  justifiable  to  anticipate  recovery. 

Treatment. — During  the  early  stage  of  an  attack  of  acute  ascending 
paralysis,  the  treatment  must  be  that  suitable  for  acute  myelitis,  since, 
at  the  onset,  the  diagnosis  between  the  two  diseases  can  never  be 
certain.  A  warm  bath,  or  still  better,  a  vapour  bath,  should  be  given 
if  the  symptoms  followed  exposure  to  cold.  It  should  be  followed  by 
counter-irritation  over  the  spine.  A  long,  narrow  mustard  piaster  may 
be  apphed  to  the  entire  length  of  the  spinal  cord.  More  energetic 
counter-irritation,  even  the  actual  cautery,  has  been  recommended. 
The  little  that  is  known  of  the  pathology  of  the  disease  suggests  that 
the  dorsal  position  may  be  less  injurious  than  in  myelitis ;  but  until 
the  nature  of  the  case  is  clear,  the  patient  should  be  kept  on  the  side 
if  this  does  not  involve  frequent  changes  of  posture.  The  body  should 
be  kept  in  as  perfect  rest  as  possible.  In  very  few  cases  have  drugs 
appeared  to  exert  any  influence  on  the  course  of  the  disease,  and  the 
malady  is  so  rare  that  experience  accumulates  slowly.  Salicylate  of  soda 
seems  to  desei-ve  a  trial  in  cases  that  follow  exposure  to  cold.  Ergotin 
has  been  given,  and  one  case  in  which  it  was  used  deserves  special  men- 
tion. The  patient  was  a  man  aged  fifty-seven,  who,  a  week  after  expo- 
sure to  cold  and  wet,  complained  of  a  feeling  of  weight  and  weakness  in 

*  If  a  blood-state  arises  in  the  course  of  syphilis,  capable  of  abolishing  the 
function  of  certain  nerve-structures,  the  fact  is  of  great  interest  in  connection  with 
the  relation  to  syphilis  of  degenerations  of  the  spinal  cord. 
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the  legs ;  the  temperature  rose  to  103° ;  the  loss  of  power  gradually 
became  complete  in  the  legs  and  spread  to  the  arms,  without  loss  of 
sensation.  At  the  end  of  the  second  day  there  was  difficulty  in  swal- 
lowing, in  articulation,  and  in  breathing,  and  death  seemed  near. 
Ergotin  was  given  every  hour,  and  during  the  night  the  patient  took 
twenty  gi-ains.  In  the  morning  the  bulbar  symptoms  were  better, 
the  arms  stronger,  and  there  was  a  trace  of  motor  power  in  the  legs. 
The  patient  rapidly  improved,  and  at  the  end  of  a  week  was  well.* 
If  swallowing  becomes  difficult,  care  must  be  taken  to  administer  a 
sufficient  amount  of  nourishment,  either  by  the  rectum,  or  by  the 
nasal  tube. 


PAEALYSiS  FROM  LESSENED  ATMOSPHERIC  PRES- 
SURE:  DIVERS'  PARALYSIS. 

Divers,  and  those  who  work  in  caissons,  at  such  a  depth  beneath 
water  that  they  are  exposed  to  considerable  pressure,  sometimes 
become  paraplegic  soon  after  their  return  to  the  surface.  Apoplectic 
attacks  and  hemiplegia  also  sometimes  occur,  but  paralysis  of  the  legs 
is  by  far  the  most  common  effect,  and  it  is,  therefore,  clear  that  the 
spinal  cord  suffers  in  greater  degree  than  any  other  part  of  the  nervous 
system.  Miners  have  been  said  to  suffer  also,  but  this  is  douhtful, 
hecause  a  pressure  equal  to  at  least  an  additional  atmosphere  seems 
necessary  for  the  production  of  the  symptoms.  Most  of  the  subjects 
of  the  disease  have  worked  at  a  depth  of  from  forty  to  ninety  feet 
below  the  surface  of  water.  The  symptoms  come  on,  not  during  the 
exposure  to  the  increased  pressure,  but  from  half  an  hour  to  an  hour 
after  the  return  to  the  surface,  and  only  if  the  individual  has  been 
previously  exposed  to  the  increased  pressure  for  more  than  an  hour. 
Those  who  are  not  used  to  such  work  seem  especially  liable  to  suffer, 
and  there  are  also  considerable  individual  variations  in  the  degree  of 
liability. 

Pains  in  the  limbs,  and  often  in  the  joints,  precede  the  onset  of  the 
paralysis,  which  is  usually  sudden.  In  a  few  minutes  the  legs  may 
be  powerless.  Sensation  is  often  lost  as  well  as  motion,  and  in  all 
severe  cases  the  sphincters  are  affected.  The  arms  are  seldom  involved. 
If  the  paralysis  is  incomplete  the  power  may  return  in  the  course  of  a 
few  days,  but  in  severe  cases  the  palsy  usually  lasts  for  weeks  or 
months,  and  may  be  permanent.  Death  may  occur  quickly  from  acute 
cerebral  symptoms,  or  after  some  weeks  from  bedsores,  cystitis,  &c. 

A  careful  examination  of  the  spinal  cord  has  been  made  in  only  two 
cases  (Ley den,  Schultze).  In  neither  was  there  any  trace  of  h^mor- 
*  Sorgenfrey, '  Neurologisclies  Ceutralblatt,'  1885,  p.  198. 
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rhage,  but  in  each  thei-e  were  indications  of  a  slight  disseminated 
my.elitis  in  the  dorsal  region.    These  cases  teach  us  nothing  of  the 
nature  of  the  primary  lesion.    It  is  clearly  related  in  some  way  to  the 
diminution  of  the  pressure  to  which  the  body  has  been  exposed.  It 
has  been  suggested  that  gases  may  escape  from  the  blood  and  block 
up  vessels,  but  it  is  difiicult  to  see  why  this  should  occur  especially  in 
the  spinal  cord,  and  why  such  an  effect  should  be  delayed  until  an 
hour  after  the  increased  pressure  is  removed.    Moxon  has  associated 
the  effect  with  the  imperfect  blood  supply  to  the  lower  part  of  the 
cord,  and  suggested  that  the  long  small  arteries  which  pass  along  the 
nerves  of  the  cauda  equina  may  be  compressed  by  the  cerebro-spinal 
fluid.    But  it  seems  to  be  the  dorsal  and  not  the  lumbar  region  in 
which  the  morbid  process  occurs.    The  pressure  drives  the  blood  from 
the  surface,  and  probably  lessens  the  amount  in  all  vessels  to  which 
its  influence  extends.    On  the  removal  of  the  increased  pressure  the 
conditions  must  be  reversed,  perhaps  in  a  degree  proportioned  to  the 
duration  of  the  pressure.    Hence  the  paralysis  is  perhaps  due  to  an 
acute  revulsive  anaemia  of  the  cord,  analogous  to  that  which  sometimes 
follows  loss  of  blood.    The  dorsal  cord,  to  judge  by  inflammation,  is 
more  prone  to  suffer  acute  disturbance  of  nutrition  than  any  other 
part  of  the  central  nervous  system. 

The  treatment  most  suitable  to  this  disease  is  probably  that  for 
acute  myelitis. 


HEMORRHAGE  INTO  THE  SPINAL  CORD: 
HEMATOMYELIA. 

Primary  haemorrhage  into  the  spinal  cord,  sufiicient  to  cause  sym- 
ptoms,  is  a  very  rare  disease,  and  it  is  even  more  rare  than  is  suggested 
by  the  cases  now  and  then  recorded  as  such.  We  have  already  seen 
that  hemorrhage  may  accompany  myelitis  ;  a  considerable  extravasa- 
tion may  occur  when  the  inflammation  is  only  commencing,  during  the 
stage  of  congestion,  and  while  the  symptoms  are  slight.  Such  cases 
are  easily  mistaken  for  primary  hsemorrhage.  The  risk  of  error  is  not 
always  removed  by  pathological  observation.  Inflammation  results 
from  h^_morrhage,  and  when  indications  of  myelitis  are  found  about 
a  clot  It  may  be  impossible  to  say  whether  these  are  primary  or 
secondary.  It  is  probable  that  many  cases  of  secondary  myelitic 
hemorrhage  have  been  regarded  and  described  as  primary,  and  it  is 
possible  that  a  few  cases  of  primary  hemorrhage  have  be^n  regarded 
as  secondary.  One  writer,  Hayem,*  goes  so  far  as  to  deny  the  occur- 
rence of  primary  non-traumatic  hemorrhage  ;  but  such  an  exclusive 
*  '  Dcs  Hemorrhagies  Intra-rachidieunes,'  Paris,  1872. 
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view  is  unwarranted.  It  is  certain,  however,  tliat  the  history  of 
primary  hjEinorrhage  has  been  largely  written  from  uncertain  data, 
and  will  need  extensive  revision  when  a  sufficient  number  of  exact 
observations  have  accumulated. 

Etiology. — The  rarity  of  haemorrhage  into  the  cord  is  especially 
great  in  comparison  with  the  frequency  of  haemorrhage  into  the  brain. 
The  difference  probably  depends  on  the  tortuous  and  long  course  of 
the  arterial  path  to  the  cord,  whereby  the  vessels  are  preserved  from 
the  high  pressure  which  is  the  chief  cause  of  the  degeneration,  dilata- 
tion, and  rupture  of  the  cerebral  arteries.    Miliary  aneurisms  are  not 
fovmd  within  the  spinal  cord.    Haemorrhage  is  far  more  common  in 
males  than  in  females.    It  may  occur  at  any  age,  but  is  most  frequent 
between  twenty  and  forty.    It  has  been  seen  in  young  children,  even 
so  early  as  seven  months,*  and  many  of  the  subjects  have  been  in 
advanced  life.    It  is  possible  that  the  apparent  preponderance  of  cases 
between  twenty  and  forty  is  due  to  the  inclusion  of  many  instances 
of  myelitis,  which  is  especially  common  at  that  period.    Of  immediate 
causes,  injury  is  the  most  frequent,  especially  falls  which  involve  a 
severe  concussion  of  the  spine  ;  the  spinal  column  may  or  may  not  be 
injured  at  the  same  time.    Over-exertion  and  exposure  to  cold  have 
in  rare  cases  preceded  the  onset.     Chronic  alcoholism  and  sexual 
excess  have  been  thought  to  predispose.    In  a  case  related  to  me  by  Dr. 
Hadcliffe,  an  extensive  haemorrhage  into  the  grey  substance  at  the  top 
of  the  lumbar  enlargement,  resulted  from  coitus  four  times  repeated, 
the  symptoms  commencing  suddenly  during  the  fourth  act.  Minute 
extravasations  are  often  found  after  death  from  diseases  which  interfere 
with  respiration  and  cause  venous  congestion,  and  they  are  especially 
frequent  in  maladies  which,  at  the  same  time,  cause  functional  excite- 
ment of  the  cord.    Thus  they  are  common  in  tetanus  and  in  convul- 
sions.   They  cause  no  symptoms,  and  are  probably  produced  during 
the  last  moments  of  life.    They  have  been  termed  "  accessory."  The 
diseases  of  the  cord  that  lead  to  secondary  haemorrhage  are  chiefly 
inflammation,  tumours,  and  cavities  in  the  cord.    Thus  we  may  dis- 
tinguish four  chief  classes  of  haemorrhage:   primary,  secondary, 
traumatic,  and  accessory. 

Pathological  Anatomt.— The  minute  extravasations  just  men- 
tioned, as  met  with  after  asphyxial  and  convulsive  diseases,  are  found 
in  both  the  grey  and  white  substance,  but  especially  in  the  former. 
They  are  usually  microscopic,  or  visible  to  the  naked  eye  as  minute 
red  points,  distinguishable  from  distended  vessels  only  by  their 
slighter  resistance  to  a  stream  of  water.  The  extravasation  may 
occupy  the  perivascular  sheath,  or  the  cavity  in  which  the  vessel  lies, 
or  extend  between  the  nerve-elements.  The  larger  non-traumatic 
haemorrhages,  which  cause  symptoms,  always  begih  in  the  grey 
*  Clifford  AUbutt,  '  Lancet/  1870,  vol.  ii,  p.  84. 
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substance,  and  are  often  confined  to  it,  extending  into  the  white 
columns  only  when,  large  in  size.  The  vessels  of  the  grey  substance 
are  more  numerous  than  those  of  the  white,  have  less  external  support, 
and  probably  undergo  more  considerable  changes  in  state.  The 
effusion  forms  a  cavity  in  the  cord,  sometimes  more  or  less  rounded 
in  transverse  section,  and  half  an  inch  or  more  in  vertical  extent. 
Sometimes  the  extravasation  is  irregular  in  shape.  The  cord  is 
enlarged  at  the  seat  of  the  haemorrhage,  and  this  may  be  visible 
externally  as  a  dark  swelUng  the  size  of  a  nut  or  a  bean.  Very  rarely 
the  haemorrhage  tears  the  layer  of  cord  which  limits  it,  and  blood, 
usually  only  in  small  quantity,  escapes  into  the  membranes.  The 
tissue  of  the  cord  adjacent  to  the  clot  is  usually  broken  down,  stained, 
and  softened,  and  inflammatory  changes  may  be  recognised  in  it 
with  the  microscope,  just  as  in  the  neighbourhood  of  haemorrhages 
into  the  brain.  As  in  the  latter,  the  effused  blood  slowly  undergoes 
changes  in  tint,  becoming  first  rusty  and  then  yellow,  and  ulti- 
mately a  cyst  may  remain.  Several  extravasations  may  coexist, 
usually  in  the  same  part  of  the  cord.  In  contrast  to  this  focal 
Jicemorrhage  there  may  be  an  infiltration  of  the  grey  matter  with 
punctiform  extravasations,  which  appear,  until  closely  examined,  to 
be  a  single  haemorrhage.  The  tissue  between  these  small  extravasa- 
tions is  broken  down.  It  is  probable  that  this  form  is  always  secon- 
dary to  myelitis.  In  such  secondary  cases  a  careful  microscopical 
examination  usually  reveals  indications  of  inflammation  much  more 
extensive  than  the  area  affected  by  the  haemorrhage.  A  growth  into 
which  haemorrhage  occurs  is  usually  a  glioma,  unaffected  parts  of 
which  will  be  found  in  the  neighbourhood  of  the  extravasation.  The 
cavities  in  the  cord  into  which  blood  may  escape  are  sometimes  of 
considerable  vertical  extent.  I  have  known  a  fissure  in  the  posterior 
column  to  be  filled  with  blood  through  almost  the  whole  length  of  the 
cord. 

Symptoms.— Slight  symptoms,  "  prodromata,"  have  been  observed 
in  some  cases,  chiefly  in  the  form  of  trifling  sensory  disturbance, 
tingling,  &c.,  in  the  limbs  afterwards  paralysed.  They  have  existed 
for  a  few  hours  or  days,  or  even  for  two  or  three  weeks  before  the 
onset.  It  is  probable,  however,  that  these  have  been  cases  of  secon- 
dary myelitic  haemorrhage,  and  that  there  are  no  premonitory 
symptoms  in  primary  extravasations.  The  actual  onset  is  always 
sudden ;  the  symptoms  attain  a  considerable  height  in  the  course  of 
a  few  minutes.  Occasionally  there  has  been  transient  loss  of  con- 
sciousness without  any  cerebral  lesion,  or  rarely  the  onset  has  been  by 
a  series  of  successive  sudden  augmentations  of  the  symptoms.  Some- 
times the  symptoms  come  on  during  sleep.  The  suddenness  of  the 
onset  is  the  characteristic  of  the  disease  ;  the  symptoms  which  thus 
develop  vary  according  to  the  seat  and  extent  of  the  extravasation. 
In  the  majority  of  cases  there  is  paraplegia,  complete  motor  and 
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sensory  paralysis  up  to  the  level  of  the  lesion,  with  loss  of  power  over 
the  sphincters.  Pain  commonly  but  not  invariably  accompanies  the 
sudden  palsy ;  it  may  be  felt  in  the  spine,  or  in  the  sacrum,  or  round 
the  trunk,  or  in  the  legs.  If  in  the  spine  it  is  local,  and  does  not 
extend  through  a  considerable  length  of  the  spine,  as  in  meningeal 
haemorrhage,  and  there  is  not  the  initial  spasm  and  rigidity  which 
characterise  the  latter  disease.  The  spinal  column  may  be  tender  at 
the  seat  of  the  haemorrhage.  Usually  the  paralysed  muscles  are 
relaxed.  Sometimes  they  are  the  seat  of  early  clonic  contractions, 
or  these  may  come  on  a  few  days  after  the  onset.  When  the 
haemorrhage  is  in  the  cervical  region  all  the  limbs  ax-e  powerless ;  one 
ann  is  often  affected  before  the  other.  The  state  of  reflex  action 
varies  according  to  the  seat  of  the  disease  ;  if  it  is  at  first  abolished 
it  quickly  returns  in  the  leg  (unless  the  haemorrhage  is  in  the  lumbar 
enlargement),  and  it  soon  becomes  excessive.  Vaso-motor  and  trophic 
changes  in  the  skin  are  common ;  there  is  often  vascular  dilatation ; 
bedsores  readily  form,  and  cystitis  often  results.  Frequently  the 
secretion  of  sweat  is  increased  for  a  time.  The  temperature  is  normal 
at  the  onset,  but  it  usually  rises  in  the  course  of  a  few  days  from 
secondary  inflammation  in  the  cord. 

The  palsy  developed  at  the  onset  usually  continues  for  a  week  or 
ten  days,  although  the  pain  may  lessen.  The  symptoms  do  not  always 
increase  during  the  stage  of  inflammation,  perhaps  because  this  only 
involves  the  structures  which  are  already  impaired  by  pressure,  but  if 
the  patient  has  been  brought  near  to  death  by  the  primary  haemor- 
rhage, the  secondary  inflammation  may  end  life.  Occasionally,  more- 
over, symptoms  of  an  ascending  or  descending  myelitis  may  come  on, 
and  the  former  may  cause  death  by  its  interference  with  the  muscles 
of  respiration.  It  is  probable  that  this  extension  only  occurs  in  cases 
of  myelitic  haemorrhage,  in  which  the  extravasation  is  merely  an  inci- 
dent in  the  course  of  a  commencing  inflammation.  In  cases  of  primary 
htemorrhage  the  symptoms  pass  into  a  chronic  stage,  improvement 
being  usually  slow.  Some  lasting  loss  of  power  remains  in  most  cases, 
and  there  is  often  some  permanent  muscular  wasting  on  account  of 
the  frequency  with  which  the  haemorrhage  is  in  the  cervical  or  lumbar 
grey  matter.  Occasionally  there  is  rapid  recovery  up  to  a  certain 
point;  a  haemorrhage  of  small  size  may  abolish  conduction  in  the 
white  columns  by  the  suddenness  with  which  it  compresses  them,  and 
the  effects  of  the  pressure  may  qn.ickly  pass  away. 

Diagnosis. — The  diagnosis  rests  on  the  actually  sudden  onset  of 
the  symptoms.  It  must  be  remembered,  however,  that  we  cannot 
assume  that  symptoms  which  come  on  during  the  night's  sleep  are  of 
sudden  onset.  Neglect  of  this  consideration  sometimes  causes  a  mis- 
take in  diagnosis.  The  mode  of  onset  is  a  sufficient  distinction  from 
all  other  organic  diseases,  except  haemorrhagic  myelitis  and  meningeal 
haemorrhage.    The  former  is  distinguished  by  the  existence  of  slight 
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symijtoms  before  the  sudden  attack.  We  are  not  justified  in  regard- 
ing as  primary  hsemorrliage  any  case  in  which  premonitoi-y  symptoms 
existed  for  more  than  a  few  minutes,  unless  such  symptoms  were  so 
pronounced  and  sudden  in  onset  that  they  might  have  been  due  to  a 
small  extravasation.  Initial  fever  in  any  case  makes  myelitis  probable. 
The  distinction  from  meningeal  haemorrhage  has  been  mentioned  in 
the  account  of  the  symptoms. 

PROaNOSis. — In  all  cases  in  which  the  symptorns  are  considerable  in 
degree  or  wide  in  range,  the  danger  to  life  is  great,  and  remains  great 
until  they  begin  to  subside.  The  prognosis  is  better  when  the  disease 
is  in  the  dorsal  region  than  when  it  is  in  the  enlargements.  It  is 
better  when  sensation  returns  in  the  course  of  a  few  days,  but  if  the 
enlargements  are  affected  other  sources  of  danger  remain  considerable. 
Early  trophic  changes  also  render  the  pi'ognosis  worse.  After  the 
onset  is  over  it  is  guided  by  the  general  principles  that  determine  the 
prognosis  in  myelitis. 

Treatment. — The  treatment  of  haemorrhage  into  the  substance  of 
the  cord  is  the  same  as  that  of  haemorrhage  into  the  liiembranes 
(p.  209).  Absolute  rest  is  essential,  and  the  prone  position  desirable. 
Ice  should  be  applied  to  the  spine  opposite  to  the  seat  of  the  haemor- 
rhage. Pull  doses  of  ergot  or  ergotin  may  be  given  :  5ss  of  the  liquid 
extract  or  five  grains  of  ergotin  may  be  given  by  the  mouth,  or  three 
grains  of  ergotin  may  be  injected  under  the  skin,  and  the  dose  may  be 
repeated  two  or  three  times,  at  intervals  of  two  hours.  A  few  large 
doses  are  probably  more  effectual  than  smaller  doses  continued  for  a 
longer  time,  since  the  haemorrhage  probably  does  not  go  on  for  long. 
The  after-treatment  must  be  that  for  myelitis. 


DEGENERATIONS  OF  THE  SPINAL  COBD. 

A  large  and  important  class  of  diseases  of  the  spinal  cord  consists  of 
those  in  which  there  is  a  slow  degeneration  of  the  nerve -elements,  with 
an  overgrowth  of  connective  tissue,  and  in  which  structures  are  affected 
that  have  a  common  function,  while  others  that  have  a  different 
function  escape  even  when  they  are  adjacent  to  the  elements  that  are 
diseased.  Affecting  thus  functional  "systems,"  they  are  termed  I 
"  system  diseases."  This  fact  affords  strong  reason  for  believing  that  | 
the  primary  change  is  in  the  nerve-elements  themselves,  and  that  the 
overgrowth  of  interstitial  tissue  is  secondary.  The  process  is  thus 
analogous  to  that  which  occurs  in  the  secondarv  degenerations,  in  which 
the  first  change  is  certainly  in  the  nerve-elements,  the  destruction  of 
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whicli  is  followed  by  an  overgrowMi  of  connective  tissue,  a  "  sclerosis  " 
as  it  is  termed.  We  have  seen  (p.  237)  that  the  process  is  by  some 
regarded  as  a  slow,  parenchymatous  inflammation,  an  inflammation 
beginning  in  the  proper  functional  elements  of  the  organ.  To  term  a 
process  "  inflammation,"  which  proceeds  so  slowly  that  five  or  six  years 
may  pass  before  it  attains  a  considerable  degree  (as  is  sometimes  the 
case)  and  in  which  there  is  commonly  no  primary  vascular  disturbance, 
involves  a  change  in  our  conception  of  inflammation  ;  but  so  far  as  the 
process  is  concerned  the  question  is  one  of  name  rather  than  of  nature. 

Another  question  of  much  greater  interest  is  the  relation  of  the  two 
elements  in  the  process,  the  wasting  and  the  growth,  the  atrophy  of  the 
nerve-tissue,  the  hypertrophy  of  the  connective  tissue.  The  failure  of 
nutrition  in  the  one  causes  an  increased  energy  of  nutrition  in  the 
other.  We  have  seen  this  relation  in  the  nerve-fibres.  The  degene- 
ration of  a  fibre  is  attended  by  an  active  growth  of  its  nuclei  and 
protoplasm.  The  nutrition  of  the  two  elements,  the  neural  and  the 
adventitial,  is  connected  in  the  closest  manner,  but  in  inverse  degree. 
It  is  important  to  recognise  the  fact  that  the  process  of  growth  of  the 
connective  tissue-elements  is  an  active  manifestation  of  nutritional 
energy,  which,  when  once  excited,  may  be  to  some  extent  independent 
of  its  cause.  It  may,  when  very  active,  pass  beyond  its  original 
limits.  It  may,  when  very  rapid,  have  some  of  the  characters  of  an 
interstitial  inflammation. 

The  degenerative  diseases  are  not  numerous,  but  they  are  of  great 
importance.  They  are  degeneration  of  the  anterior  cornua  and  anterior 
root-fibres,  causing  muscular  atrophy ;  degeneration  of  the  posterior 
columns  and  posterior  root-fibres,  causing  locomotor  ataxy;  and 
deo-eneration  of  the  pyramidal  tracts,  causing  spastic  paraplegia,  a 
disease  the  exact  pathological  position  of  which  is  not  quite  certain. 
These  degenerations  may  be  variously  combined. 

In  every  form  of  spinal  degeneration  there  is  a  tendency  for  the 
morbid  process  to  extend  beyond  the  system  in  which  it  begins  and  to 
which  it  is,  for  a  time,  confined.  This  tendency  is  much  more  marked 
in  some  degenerations  than  in  others.  It  is  apparently  due  to  two 
influences.  One  is  the  tendency  of  the  secondary  interstitial  process 
to  independent  extension,  by  which  it  may  invade  structures  adjacent 
to,  but  distinct  from,  those  which  first  undergo  degeneration.^  But 
the  extension  cannot  always  be  explained  by  contiguity.  More  distinct 
systems  of  structure  may  also  suffer,  apparently  because  the  tendency 
to  decay  involves  them  also,  although  in  slighter  degree  and  at  a  later 
date  than  the  elements  first  affected.  In  most  degenerative  diseases, 
in  cases  of  severe  degree  and  very  long  duration,  almost  aU  the 
elements  of  the  cord  may  be  in  some  degree  involved. 
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LOCOMOTOE  ATAXY  (TABES  DOESALIS :  POSTEEIOR 

SCLEROSIS). 

The  malady  thus  named  is  the  most  common  chronic  disease  of  the 
spinal  cord.  It  consists  in  a  degeneration  in  the  posterior  columns  of 
the  spinal  cord,  or  the  peripheral  sensory  nerves,  or  both,  and  is  mani- 
fested, when  considerable,  by  inco-ordination  of  movement,  peculiar 
pains,  and  defective  sensibility.  The  name  "  locomotor  ataxy  "  was 
given  to  the  disease  by  Duchenne ;  "  tabes  dorsalis,"  or  "  wasting  of  the 
back,"  is  a  term  applied  by  Hippocrates  to  certain  symptoms  supposed 
to  be  due  to  venereal  excess,  and  long  ago  limited  in  Germany  to 
symptoms  believed  to  depend  on  atrophy  of  the  spinal  cord.  It  then 
included  all  chronic  paraplegias,  but  was  further  restricted  to  this 
disease  by  Romberg,  It  has  lately  obtained  wider  use  on  account  of 
the  discovery  that  inco-ordination  may  be  absent  when  the  disease  is 
slight  in  degree. 

The  symptoms  vary  much  in  different  cases.  Besides  the  varieties 
thus  produced,  there  are  two  forms  which  present  many  and  important 
differences  from  that  commonly  met  with.  One  is  the  so-called 
"  hereditary  ataxy."  The  other  is  that  in  which  both  weakness  and 
inco-ordination  co-exist  from  the  first ;  "  ataxic  paraplegia  "  it  may  be 
called.  Each  differs  from  other  varieties  with  sufficient  constancy 
to  merit  separate  consideration.  These  varieties  are  not  included  in 
the  following  account. 

History.— The  inco-ordination  of  movement  and  other  symptoms 
of  the  disease  were  frequently  noted,  during  the  first  third  of  this 
century,  in  cases  of  disease  of  the  spinal  cord,  but  such  cases  were  not 
distinguished  from  those  with  actual  loss  of  power.  The  inco-ordina- 
tion was  found  to  be  associated  with  disease  of  the  posterior  columns 
by  Stanley.*  The  first  really  exact  account  of  the  disease  was  pub- 
lished in  1847  by  Todd,t  who  distinguished  the  cases  with  inco-ordina- 
tion and  without  weakness,  from  simple  paraplegia,  and,  apparently 
not  aware  of  Stanley's  observation,  he  inferred  (from  the  character 
of  the  symptoms  and  his  theory  that  the  posterior  columns  contain 
fibres  connecting  segments  of  the  cord  at  different  levels)  that  the 
posterior  columns  would  be  found  diseased;  and  he  verified  this 
inference  by  finding  in  two  cases  disease  of  these  columns.  The  credit 
of  the  discovery  of  the  disease  belongs,  if  to  anyone,  unquestionably 
to  Todd.  Four  years  later  (in  1851)  Romberg  described  the  disease 
and  the  lesion  m  the  posterior  columns,  but  he  failed  to  exclude  loss  of 
power  from  the  symptoms.    Russell  Reynolds  in  1855  gave  an  accurate 

*  '  Med.  Gazette,'  Feb.,  1840,  and  'Med-Chir.  Trans.,'  vol.  xxiii. 
t  '  Cyclopsedia  of  Anatomy  and  Physiology,'  vol.  iii,  p.  721. 
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description  of  the  symptoms,  and  was  the  first  to  attribute  them  to 
muscular  anaesthesia.*  A  series  of  cases  was  described  by  Gull  in 
1856  and  1857.  Tiirck  first  observed,  with  the  microscope,  the  wasting 
of  the  fibres  in  the  posterior  columns.  Duchenne  in  1858-9  published 
an  independent  and  very  able  analysis  of  the  symptoms  of  the  disease, 
and  gave  it  the  name  "  locomotor  ataxy."  He  obtained  for  it  (with 
the  help  of  Trousseau)  the  recognition  that  previous  descriptions  had 
failed  to  secure. 

Causes. — The  disease  is  much  more  frequent,  in  this  country  at 
least,  in  urban  than  rural  populations.  Inherited  influence  is  to  be 
traced  only  in  a  small  proportion  of  the  cases,  perhaps  in  not  more 
than  10  per  cent.  It  is  usually  a  general  neurotic  heredity,  manifested 
by  the  occurrence  in  relatives  of  such  diseases  as  insanity,  epilepsy, 
and  other  degenerative  diseases  of  the  nervous  system.  Instances  of 
this  are— father  epileptic ;  father  insane ;  two  sisters  insane.  Direct 
inheritance  of  the  disease  is  extremely  rare  (the  special  hereditary 
form  being  always  excluded).  A  boy  with  distinct  symptoms,  and 
optic  nerve  atrophy,  was  the  son  of  a  man  who  presented  characteristic 
indications  of  the  early  stage  of  tabes  (Eemak). 

Males  suffer  far  more  frequently  than  females,  the  proportion  being 
about  ten  to  one.  When  every  allowance  has  been  made  for  the 
different  incidence  of  causal  influences,  the  fact  seems  to  indicate  a 
proclivity  inherent  in  the  male  sex.  The  same  preponderance  of  males 
obtains  in  a  disease  that  has  some  alliances  with  tabes— general  para- 
lysis of  the  insane.  The  middle  period  of  adult  life  is  that  in  which 
the  disease  usually  commences.  ISTo  less  than  half  the  cases  begin 
between  thirty  and  forty,  one  quarter  between  forty  and  fifty,  and 
rather  less  than  a  quarter  between  twenty  and  thirty.  It  rarely 
begins  after  fifty,  but  I  have  once  known  it  to  develop  at  sixty-six. 
Under  twenty  it  is  still  more  rare,  but  cases  have  been  seen  as  early 

as  ten  and  twelve. 

Among  the  individual  causes,  one  overshadows  all  the  rest — the 
influence  of  syphilis.  A  very  large  proportion  of  the  sufferers  have 
had,  at  some  previous  time,  constitutional  syphilis,  either  distinct 
secondary  symptoms  or  an  indurated  sore.  The  proportion  is  almost  as 
large  in  the  upper  and  middle  classes  as  in  the  lower.  Of  fifty  consecu- 
tive cases  of  the  disease  in  men,  seen  in  private  consulting  practice,  no 
less  than  twenty-nine,  or  68  per  cent.,  gave  a  history  of  a  chancre  ]mo^vn 
to  be  hard,  or  of  secondary  symptoms  ;  and  eight  others  had  had  a 
venereal  sore  of  unknown  nature.  In  the  lower  classes  the  proportion 
is  higher,  and  has  been  estimated  at  70  or  80  per  cent.,  or  even  more. 
When  a  deduction  is  made  for  possible  accidental  coincidence,  there 
remains  at  least  one-half  of  the  cases  in  which  numerical  coincidence 

*  Reynolds, '  Diagnosis  of  Diseases  of  the  Brain,  &c.,'  1855,  "  Anesthesia  Muscula- 
ris  "  Certain  words  are  worth  quoting—"  It  appears  most  probable  that  the  centripetal 
tract  of  fibres  is  affected  ;  and  that  the  locality  of  lesion  is  very  variable/'-P.  165. 
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must  depend  on  causal  relationship.  It  is  probable  indeed  that,  taking 
aU  cases,  a  causal  proportion  of  two  thirds  would  be  nearer  the  truth 
In  women  also  antecedent  syphilis  can  often  be  tra.ced,  although  rather 
less  frequently  than  in  men.  At  the  same  time  the  full  facts  are  diffi- 
cult to  ascertain,  since  in  married  women  syphilis  often  runs  a  latent 
course.  But  in  the  cases  of  tabes  that  succeed  syphilis  the  lesion  is 
not  sypliilitic  in  histological  character.  In  these,  as  in  the  cases  in 
which  syphilis  can  be  excluded,  the  disease  is  a  degenerative  one.  It 
is,  moreover,  rarely  influenced  by  anti-syphilitic  treatment.  Hence  it 
must  be  regarded  as  a  degenerative  sequel  of  syphilis  rather  than  as 
a  true  syphilitic  disease.  It  is  probably  the  influence  of  syphilis  that 
determines  the  greater  incidence  on  the  urban  than  on  the  rural 
population,  and  the  preponderance  of  cases  in  middle  life.  Inherited 
sypbihs  also  seems  capable  of  causing  the  disease.  In  several  cases 
of  tabes  in  young  persons,  indications  of  inherited  syphiUs  have  been 
present.  I  have  seen  one  example  of  this.  The  interval  between  the 
primary  syphiUs  and  the  first  symptoms  of  the  disease  varies  from 
two  to  twenty  years.  It  is,  however,  rarely  less  than  five  years,  and 
in  most  cases  it  is  between  six  and  twelve  years.  Occasionally  the 
malady  develops  as  a  sequel  to  some  more  distinctly  syphilitic  lesion 
of  the  cord.* 

It  is  certain,  however,  that  syphilis  is  not  the  only  cause  of  the 
disease.    In  a  few  cases,  perhaps  10  per  cent,  of  the  whole,  it  can  be 
excluded  with  confidence.   The  causes  operative  in  these  can  be  traced 
also  m  some  of  the  patients  who  present  a  history  of  sypMlis,  and  in 
such  cases  the  causation  of  the  malady  is  probablv  complex 
^  One  of  these  causes,  which  can  sometimes  be  clearly  traced  is  in- 
jury such  as  involves  concussion  of  the  spine.    The  immediate  results 
of  the  injury,  whether  slight  or  grave,  transient  or  lasting,  are  foUowed 
by  the  symptoms  of  the  degenerative  malady.    In  one  case  a  man  fell 
from  a  height  on  to  the  deck  of  a  ship;  transient  paraplegia  resulted, 
but  SIX  weeks  after  the  accident  the  man  presented  extreme  ataxy,  with 
good  power,  and  no  knee-jerk  (Arnold).   I  have  known  the  symptoms 
to  develop  gradually  a  few  months  after  a  fall  from  a  horse  Expo- 
*  Although  an  occasional  relation  to  syphilis  had  been  noted  hy  several  precedino- 
observers,  Fourn.er  was  the  first  (in  1876)  to  assert  the  wide  extent  of  this  re ktion 

C  British  Med.  .our;..^  U.L  1,  IsT^^rEriTAr  fS^:^^^^^^^^^^^  7s^''. 

fro™  that  of  changes  known  to  b  sTphiHt'  h  fbeen  uld  '""'^T'f 

that  one  effect  of  constitutional  syphilis  mav  be  r  n/°"' 

which  certain  degenerative  diseases  of  cL  ^  1°'^""'    neuropathic  state  in 

Jan.  15,  1881).  '''™'  '^'^'"^  ^^^^"^         "  (•  Lancet, 
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sure  to  cold  and  wet  has  occasionally  preceded  the  onset  so  directly 
that  it  must  be  regarded  as  a  cause.  In  other  cases  the  disease  has 
succeeded  excessive  fatigue  and  over-exertion,  and  also  certain  acute 
diseases,  especially  acute  rheumatism  and  typhoid  fever.  The  latter 
is  known  to  cause  focal  myelitis  ;  except  by  such  an  agency  acute 
diseases  can  hardly  do  more  than  excite  to  activity  a  pre-existing 
tendency.  Alcoholic  excess  has  been  noted  in  rare  cases,  and  the 
influence  of  this  cause  is  intelligible  since  it  is  known  to  cause  neuritis, 
and  sometimes  such  a  form  of  neuritis  as  occurs  in  tabes.  Indeed  it 
is  strange  that  this  cause  cannot  be  traced  more  frequently.  Sexual 
excess  has  been  supposed,  by  some,  to  be  a  cause ;  but  its  influence  can 
rarely  be  traced,  and  its  significance  is  uncertain,  since  sexual  excite- 
ment is  undoubtedly  sometimes  an  early  symptom  of  the  disease. 

Secondary  Tabes.— Symptoms  of  locomotor  ataxy  sometimes  succeed 
other  diseases  of  the  spinal  cord,  and  such  sequence  is  especially 
common  in  syphilitic  subjects.  Myelitis  and  syphilitic  gummata 
may  be  thus  succeeded  by  tabes.  It  is  not  surprising  that  a  dege- 
nerative tendency,  effective  alone,  should  be  determined  in  its  opera- 
tion by  local  disease.  Thus  an  officer  in  India,  who  had  had 
syphilis,  having  suffered  for  a  day  or  two  from  pains  in  the  back,  took 
a  bath  in  snow  water,  and  in  a  few  days  his  legs  were  absolutely 
powerless.  He  gradually  recovered  power,  but  could  not  co-ordinate 
the  movements  :  as  power  returned,  lightning  pains  came  on,  and  a 
year  afterwards  he  presented  the  typical  condition  of  locomotor  ataxy. 
Again,  a  man,  twelve  years  after  syphilis,  had  a  severe  fall,  followed 
by  gradual  loss  of  power,  so  that  at  the  end  of  three  weeks  he  could 
scarcely  stand.  The  legs  remained  weak  for  a  month,  and  then  im- 
proved, but  ataxy  came  on  ;  three  months  later,  power  was  good,  inco- 
ordination extreme.  A  similar  succession  may  occasionally  be  observed 
in  those  who  have  not  had  syphilis.  In  many  cases,  however,  muscular 
strength  does  not  rise  to  the  normal  standard,  and  the  condition  is 
one  of  combined  weakness  and  ataxy. 

In  recognising  the  fact  that  tabes  is  occasionally  secondary  to  a 
primary  myelitis,  it  is  necessary  to  note  that  myelitis  may  also  occur 
in  the  course  of  tabes.  We  must,  therefore,  ascertain  the  absence  of 
preceding  tabetic  symptoms  before  the  disease  can  be  regarded  as 
purely  secondary. 

Symptoms.— A  typical  case  of  developed  tabes  presents  certain 
motor,  sensory,  and  reflex  symptoms.  There  is  inco-ordination  of 
movement  of  the  legs,  sometimes  of  the  arms  also,  without  loss  of 
power  or  muscular  wasting.  There  are  pains  in  the  affected  parts, 
especially  sharp  momentary  "  lightning  "  pains  ;  there  is  some  loss  of 
sensation  ;  there  is  often  loss  or  diminution  of  reflex  action  from  the 
skin,  and  almost  always  entire  loss  of  the  myotatic  irritability  that  is 
revealed  by  the  so-called  "  tendon-reflexes,"  and  especially  by  the  knee- 
jerk  5  there  are  retention  or  incontinence  of  urine,  constipation,  and  often 
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loss  of  sexual  power.  Of  this  grouij  of  symptoms,  two  usually  precede 
the  others— the  pains,  and  the  loss  of  the  knee-jerk.  These  may  exist 
alone,  even  for  years,  before  inco-ordination  comes  on.  Thus  the 
symptoms  are  far  wider  in  range  than  the  name  "  ataxy  "  suggests,  and 
while  inco-ordination,  if  it  exists,  is  the  most  obtrusive  objective  sym- 
ptom, it  is  not  the  essential  symptom  of  the  disease,  and,  indeed,  may 
never  be  developed.  Hence  physicians  have  extensively  fallen  back  on 
the  older  term  "  tabes  dorsalis."  But  recent  expansion  of  our  know- 
ledge, especially  the  discovery  of  the  extent  to  which  the  symptoms  may 
depend  on  disease  of  the  peripheral  nerves,  shows  that  even  the  quali- 
fying "  dorsalis  "  narrows  the  term  within  the  pathological  conception 
of  the  disease. 

Besides  the  symptoms  above  enumerated,  others  are  occasionally 
present.  Of  these  the  most  important  are  atrophy  of  the  optic  nerve 
and  occasionally  of  other  cranial  nerves,  troflhic  changes  in  the  skin'  ■ 
the  bones  and  the  joints,  and  an  ultimate  extension  to  motor  paralysis 
and  muscular  wasting.  The  combinations  of  symptoms  present  in 
different  cases  vary  much.  It  will  be  convenient  to  consider  first  the 
symptoms  m  their  various  degrees,  and  then  their  grouping  and 
sequence.  ° 

Motor  Symptoms.-The  characteristic  inco-ordination  of  movement 
develops  gradually.    It  is  always  increased  (as  Eomberg  first  pointed 
out)  by  closure  of  the  eyes,  and  at  first  may  only  exist  when  the  guiding  L, 
mfluence  of  vision  is  thus  withdrawn.    Before  it  causes  ataxy  of 
movement  it  may  render  difficult  the  maintenance  of  equilibrium  when 
the  base  of  support  is  narrowed  by  the  feet  being  placed  close  together, 
toes  and  heels    I   then  the  eyes  are  closed,  the  patient  sways,  and 
may  even  tend  to  fall.    In  health  slight  unsteadiness  is  thus  produced, 
varying  m  degree  in  different  persons,  but  never  amounting  to  even  a 
suggestion  of  a  fall.    The  effect  of  closure  of  the  eyes  is  greatest  Xn 
sensation  m  the  soles  of  the  feet  is  defective,  but  does  not  depend  on 
this  loss ;  It  may  be  marked  when  sensation  on  the  soles  of  the  feet 
X.  perfect     The  early  defect  in  co-ordination  may  be  discovered  by 
the  patient  when  he  walks  in  the  dark,  or,  not  uncommonly,  when  he 
shuts  his  eyes  in  the  process  of  washing  the  face.    In  a  furtL Xree 
of  inco  ordination  there  is  inability  to  stand  with  the  Telrtotllel 
even  when  the  eyes  are  open,  and  the  patient  is  only  steady  when  the 

oscillate  f„,„  toes  to  heels  before  he  come  t  rest  he  dl'^ 
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put  a  foot  down  sviddenly  to  keep  from  falling.    The  alteration  is 
greater  wlien  the  eyes  are  closed,  and  is  especially  conspicuous  on 
an  attempt  to  walk  backwards— a  test  that  I  have  seen  employed  by 
Su- William  Jenner  many  years  ago.    As  the  inco-ordination  increases, 
the  change  in  gait  becomes  greater,  but  varies  much  in  its  precise 
characters,  probably  according  to  the  muscles  that  are  most  affected. 
Often  the  feet  are  raised  too  high,  thrown  forwards  too  far,  brought 
down  too  suddenly,  and  the  whole  sole  comes  in  contact  with  the 
ground  at  once.    There  may  be  a  tendency  for  one  foot  to  be  brought  in 
front  of  the  other,  or,  in  avoiding  this,  the  feet  may  be  moved  too  far 
outwards.    Often  the  foot  becomes  inverted  when  it  touches  the  ground . 
Efforts  to  correct  error  in  movement  have  themselves  to  be  corrected. 
In  other  cases  the  defect  in  maintaining  equilibrium  is  greater  than  the 
disorder  of  movement ;  the  patient  sways  about  in  the  manner  of  one 
who  has  cerebellar  disease.    As  the  defect  progresses,  the  patient  is 
only  able  to  walk  by  steadying  himself  with  a  stick,  or  by  taking  hold 
of  the  arm  of  another  person,  or  of  adjacent  objects.     At  first  a 
very  slight  degree  of  this  help  is  sufficient ;  guidance  rather  than 
support  Is  needed.     Afterwards,  however,  considerable  support  is 
necessary,  and  ultimately  the  patient  may  be  unable  to  stand  even  with 
help.    When  he  attempts  to  rise,  the  legs  move  hurriedly  forwards  and 
backwards,  and  if  the  upright  posture  is  at  last  achieved  tiie  legs  slip 
forward,  and  only  strong  support  saves  the  patient  from  a  fall.  The 
ataxy  is  manifest  also  in  other  movements  of  the  legs.    If  the  patient, 
when  lying,  tries  to  touch  an  object  with  his  foot,  the  leg  is  moved 
irregularly,  goes  beyond  the  place,  and  then  is  brought  too  far  back, 
and  only  at  last  does  it  come  in  contact  with  the  object,  often  with 
unintended  force.    This  inco-ordination,  like  that  in  standing,  is  much 
greater  if  the  eyes  are  closed. 

The  arms  may   present  similar  inco-ordination,  although  they 
may  escape,  even  when  the  affection  of  the  legs  is  extreme.  Sometimes 
both  legs  and  arm  are  deranged  together  ;  very  rarely  the  arms  suffer 
before  the  legs.    The  commencing  defect  is  first  revealed  by  delicate 
Imovements,  such  as  writing.    When  slight  it  may  be  conspicuous  if 
the  patient  tries,  with  closed  eyes,  to  touch  some  object,  such  as  his 
own  nose,  or,  having  abducted  his  arms,  tries  to  bring  the  forefingers 
together.    As  it  increases,  all  movements  become  irregular ;  it  is  mi- 
possible  for  the  patient  to  button  his  coat,  or  to  pick  up  a  small  object 
from  the  table ;  the  fingers  twist  about  in  the  attempt,  and  the  grasp 
is  not  sustained ;  first  one  finger  is  felt  to  relax  and  then  anothei-^ 
If  the  patient  attempts  to  hold  out  his  hand  m  a  fixed  posture  it 
is  seen  that  the  same  irregularity  obtains;  instead  of  a  uniform 
balanced  contraction  the  muscles  contract  and  relax  involuntarily  and 
slow  unintended  movements  of  the  fingers  result  (Fig.  106) ,  sometimes 
closely  resembling  those  of  athetosis.    The  same  spontaneous  move- 
ments may  also  be  observed  in  the  legs.    They  cease  at  once  when 
he  muscular  effort  is  relinquished.    Occasionally  the  muscles  of  the 
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tnmk  present  a  similar  ataxy.  Thus  one  patient  could  sit  steadily  on 
a  claair  when  his  eyes  were  open,  but  if  he  closed  them  would  at  once 
fall  ofi'.  In  such  a  case,  if  the  legs  are  but  little  affected,  there  may 
be  (as  I  have  seeu)  scarcely  any  inco-ordination  of  movement  of  the 
legs,  but  extreme  unsteadiness  and  reeling  on  au  attempt  to  stand  or 
walk.  The  movements  of  the  head,  face,  tongue,  and  eyes,  always 
escape  derangement. 

Even  with  extreme  inco-ordination,  motor  power  may  be  unimpaired. 
Occasionally  some  group  of  muscles,  as  the  flexors  of  the  ankle, 
become  weak  for  a  little  time  and  then  strong  again,  just  as  may  the 
eyeball  muscles,  as  we  shall  presently  see.  In  some  cases  motor 
power  in  the  limbs  remains  unimpaii'ed  to  the  end  ;  more  often,  when 
the  ataxy  has  become  great,  some  muscular  weakness  supervenes,  with 
or  without  wasting  of  the  weak  muscles.  There  is  a  distinct  group  of 
cases  in  which  weakness  and  ataxy  come  on  together,  but  these  are 
considered  separately  ("  Ataxic  Paraplegia  "). 

Sensory  symptoms  are  prominent  in  most  cases.    They  consist  of 
subjective  sensations,  chiefly  of  pain  and  loss  of  sensibility.  Sponta- 
neous pains  are  present  in  some  degree  in  nine-tenths  of  the  cases  of 
tabes.    The  most  frequent  and  characteristic  are  the  sudden  and  lan- 
cinating pains  called  "  lightning  pains."    They  occur  chiefly  in  the 
legs,  but  may  be  felt  in  the  trunk,  arms,  and  even  in  the  head.  They 
are  usually  paroxysmal ;  attacks  of  such  pains  last  for  some  hours  or 
for  a  day  or  two,  varying  in  seat,  but  often  felt  in  the  same  part 
throughout  an  attack.    Sometimes  they  are  felt  in  a  limited  area  of 
the  skin,  sometimes  they  seem  more  deeply  seated,  sometimes  they 
dart  down  the  limb.    They  may  correspond  to  a  nerve-trunk,  but  more 
\  frequently  have  no  relation  to  the  nerves.    Although  the  pains  are 
\usually  acute  and  "stabbing,"  they  are   sometimes   of  different 
character.    Thus  in  one  patient  the  sensation  was  as  if  both  legs 
were,  for  a  moment,  on  fire.    When  referred  to  the  skin,  this  often 
becomes  tender,  so  that '  even  the  contact  of  the  bedclothes  cannot  be 
borne.    When  pains  continue  at  one  spot  for  some  days,  ecchymoses 
have  been  known  to  form  there.    In  one  case,  after  pains  had  been 
felt  at  one  part  of  the  scalp  for  a  time,  the  growth  of  the  hair  was 
changed;  each  hair  bent  and  broke  short  off,  over  an  area  the  size  of 
half-a-crown ;  after  the  pains  ceased  the  growth  of  the  hair  became 
normal.    A  sharp  pain  may  be  accompanied  by  a  sudden  reflex  spas- 
modic movement  of  the  legs,  or  by  inhibitory  weakness.    Thus,  in  one 
case,  a  sudden  pain  would  often  make  the  patient  fall  on  his  knees. 
The  pains  may  be  so  severe  as  to  prevent  sleep  for  several  days. 

Other  kinds  of  severe  pain,  less  brief  than  the  lightning  pains,  occur 
m  some  cases,  and  are  described  by  various  epithets,  as  "  burning," 
"tearing,"  "gnawing."  Burning  pain  in  the  toes  distressed  one 
patient.  Much  more  common,  and  occurring  with  other  pains,  are 
slighter  dull  pains  like  those  of  rheumatism,  for  which  they  are  often 
mistaken,  an  error  that  is  facilitated  by  the  circumstance  that  any  of 
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the  pains  of  tabes  may  be  influenced  by  weather,  being  especially 
increased  by  damp  cold.  A  painful  sense  of  constriction  is  felt  by 
some  sufferers  in  the  legs,  groins,  genitals,  or  trunk;  it  is  less  common 
than  in  myelitis,  but  when  it  does  occur  it  is  sometimes  vei-y  intense; 
the  patient  may  feel  as  if  the  whole  trunk  were  tightly  enveloped  in 
a  cuirass  of  brass.  In  the  hands  pains  are  common,  but  are  usually 
slight  in  degree,  and  are  occasionally  felt  chiefly  in  the  ulnar  area. 
Visceral  pains  may  also  occur,  usually  paroxysmal,  and  referred  to  the 
stomach,  bladder,  rectum,  &c.  These  will  be  again  considered  in 
connection  with  the  visceral  symptoms  of  tabes.  Pains  are  not  only 
the  most  common,  they  are  often  the  earliest  symptom  of  the  disease. 
Nevertheless  they  are  sometimes  slight,  and  occasionally  are  altogether 
absent.  Perhaps  they  sometimes  occur  alone  ;  I  have  seen  two  patients 
who  suffered  characteristic  lightning  pains,  but  presented  no  other 
symptoms  of  tabes  ;  the  tabetic  nature  of  the  pains  is  therefore 
uncertain. 

Sensations  other  than  pain  are  also  common.  They  are  various  in 
character,  described  as  "  tingling,"  "  pins  and  needles,"  "creeping,"  and 
very  often  as  if  the  skin,"  especially  of  the  soles,  was  covered  by  some 
soft  substance.  Sensations  of  cold  or  of  heat  are  also  common ;  the 
feet  may  feel- as  if  the  legs  were  always  in  cold  water  ;  a  sensation  of 
cold  about  the  testicles  is  occasionally  complained  of.  The  sense  of  heat 
may  be  so  intense  as  to  amount  to  pain,  as  already  mentioned.  Similar 
cutaneous  sensations  are  also  common  in  the  hands.  Increased  sensi- 
tiveness of  the  skin,  chiefly  to  pain,  may  also  exist,  especially  on  the 
soles  of  the  feet,  and  often  accompanies  lessened  sensibility  to  touch. 

A  diminution  of  sensibility  is  also  present  in  most  cases  of  the 
developed  disease.  It  may  involve  all  forms  of  sensibility,  or  one 
much  more  than  the  others,  or  some  forms  may  be  much  impaired  and 
others  normal.  It  is  equally  common  for  either  pain  or  touch  to  be 
affected  alone ;  for  instance,  a  prick  may  cause  no  sensation  of  pain, 
although  the  least  touch  of  the  finger  is  everywhere  perceived.  A 
firm  touch  {%.  e.  slight  pressure)  may  be  felt  when  a  slight  touch  is 
unperceived.  When  a  touch  is  felt,  the  power  of  localising  it  may  be 
impaired.  Temperature  sensations  are  rarely  affected  without  other 
forms  of  sensibility,  but  they  may  be  impaired  with  pain  when  tactile 
sensibility  is  normal.  On  the  other  hand,  there  may  be  extensive  loss 
to  pain  without  any  defect  of  the  temperature  sense.  A  prick  may 
then  cause  only  a  sensation  of  heat,  and  extreme  degrees  of  heat  or 
cold  cause  pain  less  readily  than  normal.  The  temperature  loss  may 
be  partial — either  cold  or  heat  may  be  unperceived  while  the  other  is 
recognised.  When  touch  is  slightly  impaired  there  may  be  an  ina- 
bility to  discriminate  differences  in  the  degree  of  pressure  on  the 
skin. 

Accompanying  the  diminution  or  increase  of  sensitiveness  there  .•are 
sometimes  curious  changes  in  the  sensation  produced.  One  of  these 
is  a  delay  in  the  perception  of  pain,  which  may  amount  to  several 
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seconds.  The  greatest  delay  I  have  met  with  amounted  to  seven 
seconds,  but  one  of  fifteen  seconds  has  been  described  (Eulenberg). 
The  contact  of  a  point  may  be  felt  at  once,  the  pain  only  after  a 
considerable  delay.  Often  there  is  an  after-pain  lasting  sometimes 
for  a  quarter  or  half  a  minute  or  longer,  and  the  maximum  sensation 
may  not  be  attained  until  some  seconds  after  tbe  pain  is  first  felt. 
Thus,  in  a  case  in  which  there  was  a  delay  of  seven  seconds,  the 
maximum  sensation  was  only  felt  twenty-five  seconds  after  the  prick 
(Obersteiner).  A  second  increase  of  pain  has  been  noted  (ISTaunyn). 
I  have  known  a  sort  of  rhythmical  recurrence  of  sensation  ;  the 
pain  was  not  felt  for  several  seconds,  and  then  the  sensation  was 
repeated  several  times  in  successive  darts  of  pain.  A  delay  greater 
than  normal  may  also  attend  the  sensation  of  heat.  The  localising 
power  is  sometimes  strangely  perverted.  A  touch  or  prick  on  one  leg 
may  be  referred  to  the  other,  sometimes  with  singular  uniformity  in 
position  (allocheiria) .  .A  prick  in  one  spot  may  be  felt  in  many  places 
(polysesthesia)  on  the  same,  or  (as  I  have  seen)  on  both  legs.  It  is 
said  that  the  reaction  of  the  sensory  nei-ves  to  electricity  may  be 
changed  in  the  same  way  as  that  of  the  motor  nerves  is  changed  when 
they  are  degenerated.  Instead  of  the  earliest  sensation  occurring  on 
closure  of  the  circuit,  at  the  negative  pole  (kathode),  as  in  health,  it 
may  be  felt  first  at  the  positive  pole  (anode).  (Mendelssohn.) 

The  region  in  which  sensibility  is  impaired  varies  much  in  different 
cases.    The  loss  occurs  most  frequently,  and  is  usually  greatest,  in  the 
lower  part  of  the  legs  and  feet.    It  may  be  limited  to  the  soles,  and 
usually  then  ceases  at  the  outer  sharp  edge  of  the  foot,  but  extends 
for  an  inch  or  so  up  the  inner  side.    Touch  or  pain  may  be  lost  on  the 
sole  only,  and  even,  strange  to  say,  the  form  of  sensibility  that  is  lost 
on  the  sole  may  alone  persist  in  the  legs.    Although  the  sole  is 
usually  most  affected,  sensation  may  be  perfect  on  the  sole  when  lost 
elsewhere.    One  leg  is  often  more  affected  than  the  other.    The  loss 
may  extend  to  the  trunk  or  even  the  neck.    In  the  arms  it  is  usually 
greatest  on  the  hands,  and  often  commences  on  the  palmar  aspect  of 
the  fingers.    Sensation  may  be  lost  on  the  trunk  and  not  on  the  limbs, 
an  important  fact,  because  the  anaesthesia  may  then  readily  be  over- 
looked. On  the  head  a  loss  is  rare,  but  has  been  noted  on  the  cheeks. 

The  loss  -of  sensibiHty  is  not  confined  to  the  skin,  but  affects  the 
deeper  tissues  also  in  many  cases.  The  contraction  of  the  muscles  on 
electrical  stimulation  may  be  unfelt,  and  the  muscles  may  be  insensi- 
tive to  pressure  or  forcible  extension.  It  is  probable  that  the  sensi- 
bility of  the  joints,  fibrous  tissues,  and  tendons  is  also  involved.  The 
position  of  the  hmbs  in  passive  as  well  as  in  active  movements  may 
not  be  perceived.  In  slight  cases  this  sense  of  posture  may  not  be  lost, 
but  in  severe  cases  it  may  be  so  absolutely  abolished  that  one  of  my 
patients,  who  often  fell  out  of  bed,  had  always  to  look  to  see  where 
his  legs  had  gone  to  before  he  attempted  to  rise.  The  anesthesia 
may  extend  to  the  viscera  when  the  trunk  is  involved.    In  conse- 
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quence  of  the  loss  of  sensation  grave  injuries  to  the  limbs,  such  as 
burns,  may  be  unperceived,  and  visceral  disease  may  be  unattended 
"with  the  customary  pain.  I  have  known  a  severe  attack  of  pleurisy  to 
be  absolutely  painless. 

Cutaneous  anaesthesia,  although  it  is  thus  a  common,  and  often  an 
early  symptom,  is  not  invariable.  Every  test  may  fail  to  reveal  any 
loss,  and  this  integrity  of  sensation  may  exist  in  patients  who  present 
considerable  inco-ordination,  and  in  those  who  suffer  severe  pains,  as 
well  as  in  those  who  have  had  no  pains.  But  it  is  very  rare  to  have 
no  sensory  loss  when  inco-ordination  is  considerable. 

Beflex  action  from  the  skin  is  usually  impaired  in  proportion  to  the 
loss  of  cutaneous  sensibility,  and  especially  to  the  loss  of  tactile  sensi- 
bility. It  may  be  noiTaal  when  pain  is  unfelt.  But  reflex  action  may 
be  lessened  when  there  is  no  loss  of  sensation.  The  plantar-reflex 
is  most  frequently  impaired,  and  the  progress  upwards  of  the 
disease  may  be  attended  by  a  progressive  loss  of  the  gluteal,  cre- 
masteric, and  abdominal  reflexes.  On  the  other  hand,  in  the  early 
stage  of  the  disease,  there  is  sometimes  a  very  marked  excess  of  all 
cutaneous  reflex  action,  and  this  may  reach  a  degree  rarely  met  with 
in  any  other  affection.  In  one  case  a  touch  on  the  sole  would  make 
the  foot  fly  up,  and  if  the  naked  trunk  was  stroked,  so  violent  a  start 
was  caused  that  the  patient  on  one  occasion  rolled  off  a  sofa.  In 
this  patient  considerable  ataxy  coexisted  with  the  excess,  but  the  reflex 
over-action  is  usually  an  early  symptom,  and  passes  away  as  the  ataxy 
becomes  well  developed. 

The  sexual  act  is,  in  part,  a  superficial  reflex  action,  and  increased 
sexual  excitement  sometimes  coexists  with  the  excess  of  reflex  action. 
In  the  case  just  mentioned  there  was  intense  satyriasis.  In  the  same 
manner  the  sexual  power  usually  fails  when  the  superficial  reflex  actions 
subserved  by  the  corresponding  region  of  the  cord  are  abolished — the 
cremaster  and  the  lower  abdominal  reflexes,  but  to  this  rule  exceptions 
occur.  Loss  of  sexual  power  is  an  exceedingly  common  and  often  an 
early  symptom  of  the  disease.  It  may  precede  any  impairment  of 
sensory  or  reflex  functions.  On  the  other  hand,  exceptions  are  met 
with,  in  which  sexual  power  persists  to  a  late  period  of  the  disease, 
even  until  after  the  patient  has  lost  the  ability  to  walk  alone. 

If  the  condition  of  cutaneous  reflex  action  is  somewhat  inconstant, 
this  is  not  the  case  with  the  reflex  process  on  which  the  myotatic 
irritability  depends.  A  loss  of  the  knee-jerk,  as  Westphal  first 
pointed  out,  is  one  of  the  earliest  and  most  constant  symptoms  of 
tabes.  With  it  disappears  also  all  other  indications  of  this  irritability. 
In  cases  with  great  excess  of  cutaneous  reflex  action,  the  knee-jerk  is 
lost  as  in  other  cases,  and  the  contrast  between  the  two  forms  of  reflex 
action  is  very  striking.  It  is  exceedingly  rai-e  for  the  knee-jerk  to  be 
obtained  in  any  case  of  tnie  tabes.  Very  rarely  an  early  case  may  be 
met  with  in  which  it  is  not  lost,  although  diminished,  and  commonly 
unequal  on  the  two  sides.    In  one  or  two  cases  I  have  found  it  shght 
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on  one  side  and  lost  on  the  other  when  distinct  ataxy  was  present, 
and  have  observed  its  speedy  entire  disappearance.  In  one  case,  in 
which  the  jerk  was  lost  in  one  leg  only,  lightning  pains  were  confined 
to  this  leg.  The  loss  often  precedes  for  many  years  the  development 
of  inco-ordination.  But  the  muscles  preserve  their  irritability  to  per- 
cussion, the  contraction  thus  produced  being  limited  to  the  part 
struck.  In  cases  of  ataxic  paraplegia,  which  are  often  confounded, 
with  true  tabes,  the  knee-jerk  is  not  lost,  and  is  usually  excessive,  and 
these,  for  the  most  part,  constitute  the  cases  sometimes  described  of 
locomotor  ataxy  without  loss  of  this  phenomenon. 

Hye  Symptoms. — The  functions  of  the  internal  muscles  of  the  eye 
are  often  affected  in  tabes.  In  no  less  than  four-fifths  of  the  cases 
the  reflex  action  of  the  iris  to  light  is  lost.  In  most  of  these  the 
contraction  on  accommodation  is  preserved — a  characteristic  first  noted 
by  Argyll-Eobertson.  Often  also  (as  Erb  has  shown)  the  dilatation 
that  occurs  on  painful  stimulation  of  the  skin  of  the  neck,  &c.,  can  no 
longer  be  thus  produced.  Sometimes  the  ciliary  muscle  is  also  para- 
lysed, causing  loss  of  accommodation.  Yery  rarely  there  is  loss 
of  accommodation  and  of  the  associated  contraction  of  the  iris, 
without  loss  of  the  light-reflex.  The  pupils  are  often  very  small 
("  spinal  myosis  "),  especially  when  there  is  loss  of  the  reflex  dilatation 
from  the  skin,  a  loss  which  seems  to  be  accompanied  by  atony  of 
the  radiating  fibres  supplied  by  the 
sympathetic.     The  pupils    are   not  X  \ 

always  small ;  they  may  be  of  medium  --^  \^ 

size  or  beyond  medium   size,    and  Mr-^  ll> 

then  I  have  usually  found  that  the  '  •  - 

skin-reflex  can  be  obtained,  although 
the  light-reflex  cannot.  They  are 
often  not  perfectly  circular,  and  are 
sometimes  unequal.  Both  eyes  are 
usually  affected  in  the  same  manner  ; 
occasionally  the  reflex  action  is  lost 
in  one  and  only  lessened  in  the  other. 
On  the  other  hand,  the  action  of  the 
iris  is  sometimes  perfectly  natural, 
even  in  advanced  cases. 

Paralysis  of  the  external  ocular  mus- 
cles is  also  common  in  tabes,  and 
occurs  in  several  forms:  (1)  Transient 
weakness,  lasting  a  few  days  or  weeks 
and  then  passing  away.  (2)  Perma- 
nent paralysis,  complete  or  incomplete, 
of  a  single  nerve,  or  part  of  a  nerve! 
Either  form  may  occur  at  any  stage, 
but  the  first  is  most  common  in  the  *»'tetic  ptosis.* 

*  From  a  Salp6triere  photograph,  for  which  I  am  indebted  to  M.  Charcot. 
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early,  and  the  second  in  the  later  stages  of  the  disease.  The  transient 
palsy  renders  dij^lopia,  a  common  symptom  in  the  early  period ;  any 
muscle  may  he  affected  hut  the  external  rectus  is  that  which  most 
frequently  suffers.  The  persistent  palsy  may  affect  one  or  more 
muscles  ;  often  the  levator  is  involved,  causing  what  has  been  termed 
"  tabetic  ptosis  "  (Fig.  106) .  Sometimes  the  whole  third  nerve  is  para- 
lysed. (8)  There  may  be  a  combined  palsy  suggestiug'  a  cerebral 
origin.  Earely  there  is  loss  of  the  movement  of  convergence  associated 
with  loss  of  accommodation,  although  the  internal  recti  may  act  in  the 
movement  towards  one  side.  (4)  Many  or  all  the  muscles  of  both 
eyes  may  gradually  become  paralysed,  "  external  ophthalmoplegia," 
in  consequence  of  disease  of  their  centres.*  This  is  very  rarely  met 
■with  in  tabes,  although  it  seems  to  bear  a  similar  relation  to  syphilis.' 

Atrophy  of  the  optic  nerve  occurs  in  tabes,  and  this  disease  fur- 
nishes a  large  proportion  of  the  cases  of  simple  atrophy.  Its  fre- 
quency is  diflBcult  to  ascertain,  but  is  certainly  less  than  is  often 
supposed.  It  does  not  occur  in  more  than  one  case  in  ten.  It  is 
generally  an  early  symptom,  usually  commencing  before  inco-ordina- 
tion  is  developed,  and  in  a  large  number  of  cases  ataxy  never  comes 
on,  the  spinal  malady  becoming  stationary  when  the  nerve  suffers. 
It  rarely  begins  after  the  gait  is  considerably  disordered. 

The  failure  of  sight  usually  commences  with  a  peripheral  limitation 
of  the  field  and  loss  of  colour  vision,  but  sometimes  central  acuity  fails 
early.  When  this  remains  good,  the  peripheral  loss  may  reach  a  con- 
siderable degree  before  it  is  suspected  by  the  patient.  The  visible 
pallor  of  the  optic  disc  is  not  always  proportioned  to  the  failure  of 
sight.  The  change  in  tint  depends  on  wasting  of  the  capillaries,  and 
this  is  not  always  proportioned  to  the  wasting  of  the  nerve-fibres. 
Ultimately  the  disk  is  greyish  in  tint,  and  the  retinal  vessels  are  but 
little  narrowed. t  Occasionally  there  are  slight  signs  of  congestion  in 
the  early  stage  of  the  atrophy,  and  then  some  tissue  of  gelatinous 
aspect  may  develop  in  the  disc,  and  the  vessels  may  be  narrowed. 

The  course  of  the  atrophy  is  usually  slowly  progressive,  and,  in 
most  cases,  it  ends  in  total  or  almost  total  blindness.    It  may,  how- 
ever, cease  to  progress,  and  even  undergo  slight  improvement.  The 
onset  is  not  always  gradual.    Sometimes  sight  fails  considerably  in 
the  course  of  a  few  days  without  ophthalmoscopic  changes  to  account 
for  it.    I  have  met  with  one  case  in  which  temporal  hemiopia  coming 
on  rapidly  suggested  disease  at  the  optic  chiasma.  The  atrophy  is  often 
more  advanced  in  one  eye  than  in  the  other,  and  very  rarely  one  eye 
only  suffers.    Flashes  of  light  are  occasionally  experienced  in  the 
course  of  the  atrophy,  comparable  to  the  lightning  pains  in  the  limbs, 
but  they  are  not  common.    Headache  is  occasionally  troublesome 
in  cases  of  tabetic  atrophy,  and  cephalic  lightning  pains  are  some- 
times severe.    Organic  cerebral  disease  may  be  thus  suggested. 
*  Buzzard,  '  Clin.  Lect.  on  Diseases  of  the  Nervous  System,'  1882,  p.  180. 
t  Further  detiiils  will  be  found  in  'Medical  Ophtlialnioscopy,'  2nd  ed.,  p.  163. 
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Deafness,  having  the  characters  of  nerve-deafness,  is  met  .with  in 
some  cases,  sudden  or  gradual  in  onset,  transient  or  lasting.  The 
persistent  deafness  has  been  attributed  to  an  atrophy  of  the  auditory 
nerve,  analogous  to  that  of  the  optic  nerve,  but  certainly  in  many 
cases  without  sufficient  reason.  It  is  very  difficult  to  distinguish  an 
affection  of  the  nerve  from  one  of  the  labyrinth  independent  of  the 
nerve.  Even  in  a  case  of  bilateral  deafness  coming  on  in  the  course  of 
tabes,  in  which  the  patient  could  hear  only  a  loud  voice,  and  deep  notes 
better  than  high  ones,  in  which  atrophy  had  been^  diagnosed,  Lucae 
found  calcareous  masses  in  each  of  .the  labyrinths,' and  the  auditory 
nerves  were  quite  normal.  But  if  there  is  a  progressive  limitation  of 
the  range  of  hearing,  analogous  to  the  peripheral  limitation  of  the 
field  of  vision,  we  are  justified  in  assuming  nerve  atrophy.  I  have 
seen  two  cases  of  this  kind.  In  each  there  was  also  optic  nerve  atrophy, 
and  the  other  symptoms  of  tabes  were  distinct.  In  one  only  notes 
between  E2  and  D  could  be  heard.*  In  the  other  the  patient,  when 
first  examined,  was  absolutely  deaf  to  notes  above  E2  and  below  G,  A 
few  months  later  the  restriction  had  confined  the  range  of  hearing  to 
the  octave  in  the  treble  clef,  between  E^  and  E^,  even  E^^  being  in- 
audible. Thus  the  loss  occurred  chiefly  from  below  upwards  Ulti- 
mately no  note  could  be  heard.  Attacks  of  vertigo  are  frequent  in  the 
cases  attended  by  deafness,  and  seem  to  depend  on  the  disturbance 
ot  the  labyrinth  or  auditory  nerve,  and  to  be  thus  connected  only 
indirectly  with  the  primary  disease. 

The  functions  of  the  other  cranial  nerves  are  not  often  affected 
Pains  may  be  felt  in  the  region  of  the  fifth  nerve.  Unilateral  atrophy 
of  the  tongue  has  been  noted  in  one  case.  In  the  larynx,  besides  the 
spasm  to  be  presently  described,  paralysis  of  the  vocal  cords  has  been 
met  with  m  rare  cases,  both  as  an  isolated  symptom  and  also  after 
attacks  of  spasm  have  occurred  for  a  long  time.  Both  posterior  crico- 
arytsenoids  have  been  paralysed  (Oppenheim),  and  in  one  case  paralysis 
ot  one  posticus  occurred  very  early  in  the  disease  (Eemak).  A  sort 
by  ulTh™^"^^"*^  in  the  movement  of  the  cords  has  been  described 

8phinoters.~Th^  functions  of  the  bladder  are  frequently  deranged  • 

InroS  ^b  ^^t!;".f  ^^"^  ^-^-riMon  or  a  tendency  to  incontinence: 
and  often  the  bladder  is  not  perfectly  emptied.  These  symptoms 
requently  occur  early  in  the  disease,  and  it  may  be  indeed 'only  f"r 
these  that  the  patient  seeks  medical  advice.  Occasionally  there  is  a 
curious  reflex  susceptibility  on  the  part  of  the  bladder;  thus  the  urine 

water  The  retention  may  become  absolute,  or  there  may  be  overflow 
mcontmence ;  there  is  rarely  paralytic  incontinence.  More  commonlT 
the  affection  of  the  bladder  remains  slight  in  degree,  although  even 

aw  ana  .eW  the  let^  ^Z'J^Z^  ^^^^^^'^  ^^^^ 
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this  may  have  serious  effects.  If  the  bladder  for  a  long  time  is  im- 
perfectly emptied,  cystitis  is  apt  to  occur,  and  secondary  renal  disease 
is  a  not  uncommon  cause  of  death  when  the  difficulty  in  micturition 
has  been  insignificant.  The  sphincter  ani  is  often  also  weak,  so  that 
a  loose  stool  can  be  retained  with  difficulty,  but  its  paralysis  rarely 
reaches  a  high  degree.    Constipation  is  extremely  common. 

Vaso-motor  and  trophic  disturbances  constitute  a  singular  group  of 
symptoms  to  which  much  attention  has  lately  been  drawn.  Transient 
cedema  of  the  limbs  may  occur  without  albuminuria,  and  is  sometimes  an 
early  symptom.  Local  sweating  has  been  noted,  confined,  for  instance, 
to  tbe  palms  and  soles,  or  to  one  side  of  the  head.  The  ecchymoses 
and  altered  growth  of  hair,  in  connection  with,  attacks  of  pain,  have 
been  already  mentioned.  Pigment  may  disappear  from  the  skin 
and  hair  in  isolated  spots.  Herpes  of  the  skin  is  not  uncommon,  and 
usually  occurs  in  association  with  attacks  of  pain.  I  have  twice  known 
the  penis  to  be  the  seat  of  herpetic  eruptions.  The  epidermis  of  tbe 
sole  becomes  thickened  ;  blisters  readily  form  beneath  it  and  may  lead 
to  indolent  ulcers.    The  curious  affection  known  as  "  perforating  ulcer 


of  tbe  foot "  bas  been  found  to  be  almost  confined  to  cases  of  tabes. 
Troublesome  ulceration  of  the  toes,  especially  about  the  nails,  is  also 
occasionally  met  with,  and  may  necessitate  amputation.  The  growth 
of  the  nails  of  the  feet,  and  sometimes  of  those  of  the  hands,  may  be 
changed.  Tbey  may  be  thickened  and  the  surface  furrowed  or  uneven. 
The  nails  may  even  fall  off  and  be  slowly  renewed.  The  teeth  sometimes 
decay  quickly,  and  may  drop  out.  I  have  seen  one  patient,  who  had 
previously  lost  many  of  his  nails,  in  whom  all  the  teeth  of  the  upper  jaw 
fell  out  in  the  course  of  three  days,  without  any  pain  or  decay  of  the 
teeth.  Wasting  of  the  muscles  may  occur  in  the  later  stage  of 
the  disease,  usually  greatest  towards  the  extremity  of  the  limbs, 
and  sometimes  so  great  as  to  resemble  that  of  progressive  muscular 

atrophy.  i.  j 

Changes  in  the  nutrition  of  the  joints  and  bones  have  attracted 
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much  notice  since  attention  was  directed  to  them  by  the  careful 
investigations  of  Charcot.  They  are  not  very  common,  but  are  suffi- 
ciently frequent  and  well  marked  to  place  their  relation  to  the  disease 
beyond  doubt.  The  bones  may  become  brittle,  and  may  break  readily 
in  so-called  "  spontaneous "  fractures.  The  process  of  union  is 
attended  with  the  formation  of  a  large  amount  of  callus.  Sometimes 
there  is  ossification  of  the  tissues  adjacent  to  injured  bones.  In  the 
joints  the  changes  consist  of  erosion  of  the  cartilage,  wasting  of  the 
heads  of  the  bones,  ossification  of  the  ligaments,  and  sometimes  irre- 
gular bony  growths.  The  movement  of  the  joints  may  be  thus  too 
free  or  too  limited.  The  wasting  of  the  head  of  the  femur  renders 
dislocation  of  the  hip  easy.  A  remarkable  instance  of  these  osseous 
changes  has  been  recorded  by  Charcot ;  a  tabetic  woman  suffered 
successively,  in  the  course  of  a  few  years,  dislocation  of  both  hips, 
fractures  of  the  left  femur,  of  both  bones  of  each  forearm,  and  dislo- 
cation of  one  shoulder ;  after  death  old  fractures  were  found  in  both 
scapulae  and  the  left  clavicle.  With  these  changes,  and  often  when 
they  are  shght  in  degree,  there  is  effusion  within  the  joints  and  occa- 
sionally oedema  outside  them.  The  larger  joints  are  those  most  com- 
monly diseased— knee,  hip,  ankle,  elbow— but  the  small  joints  of  the 


Pig.  108.— Locomotor  ataxy,  painless  swelling  of  elbow-joint  after 
a  fall  on  it.  One  condyle  of  the  humerus  and  olecranon  were 
found,  after  death,  to  have  been  broken  off.  Several  separate 
pieces  of  new  bone  had  formed  in  the  capsule  of  the  distended 
joint. 

fingers  have  been  known  to  suffer  (Westphal).  The  lesions  are  some- 
times excited  by  injury,  and  the  extraordinary  changes  that  may 
follow  traumatic  influence  is  alone  a  conclusive  indication  that 
abnormal  trophic  influences  are  at  work.  Fig.  106  represents  the 
arm  of  a  man  who  fell  and  struck  his  elbow,  fracturing  the  olecranon 
and  condyle.  It  was  followed  by  extreme  painless  swelling,  and  bony 
masses  could  be  felt,  gradually  increasing  in  size.  After  death  the 
fractures  of  the  bones  were  found,  and  masses  of  new  bone  had 
formed  in  the  capsule  of  the  joint. 

The  origin  of  the  changes  in  some  joints,  as  the  knee,  is  more 
complex.  This  joint  depends  for  its  functional  capacity  partly  on  its 
hgaments,  and  partly  on  the  support  of  the  muscular  tendons  that  pass 
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by  it,  in  one  of  whicli  the  patella  is  inserted.  The  sudden  variations  in 
the  contraction  of  the  muscles  both  render  this  support  variable  and 
determine  sudden  strains  on  the  unsupported  ligaments.  Under  this 
strain  they  yield,  and  when  the  patient  stands  the  joint  may  be 
come  retroflexed  as  in  Fig.  109.  The  strain  on  the  ligaments  and  cap- 
sule leads  to  effusion,  and  may  excite  the  more  serious  trophic  changes 

already  described.  Changes  in  the 
tarsal  bones  and  articulations  may 
cause  the  foot  to  become  flat,  with  a 
j)rojection  inwards  or  backwards  of 
the  tarso -metatarsal  articulation,  and 
of  the  tarsal  bones.  The  condition 
has  been  called  the  "  tabetic  foot," 
by  Charcot  and  Fere.* 


Fia.  109. — Locomotor  ataxy  j  retro- 
flexion of  knee-joints. 


Fig.  110.— Tabetic  foot  (from  a  photo- 
graph by  Mr.  Marriott,  B.Sc). 


Visceral  symptoms  of  peculiar  character  occur  in  many  cases  of 
tabes.f  They  consist  almost  entirely  of  paroxysmal  disturbance  of 
function,  usually  attended  with  great  pain,  and  have  been  termed, 
by  the  French,  crises,  with  qualifying  adjectives  according  to  the 
seat  of  the  symptom.  There  is  a  tendency  to  over-elaborate  this 
terminology.  The  most  frequent  seat  of  such  disturbance  is  the 
stomach,  and  these  attacks  are  called  gastric  crises.  They  consist  of 
paroxysms  of  severe  gastric  pain,  felt  in  the  epigastrium  and  often 
passing  through  to  the  back.  The  pain  is  accompanied  by  vomiting, 
with  or  without  nausea.  The  vomiting  is  often  incessant,  and  is  fcrst 
of  food,  then  of  clear  liquid,  which  may  be  very  abundant ;  ultimately 
bile  is  vomited,  and  sometimes  blood,    Eetardation  or  irregularity  of 

*  Tlie  trophic  changes  in  bone  and  joint  have  been  regarded  by  some  as  simple 
chronic  osteo-arthritis,  without  causal  relation  to  the  nerve  disease  in  their  subjects. 
All  evidence  seems  to  me  opposed  to  this  view.  The  arguments  that  can  be  adduced 
in  support  of  it  will  be  found  in  some  of  the  speeches  delivered  at  a  discussion  at  the 
Clinical  Society,  Nov.  and  Dec,  1885. 

f  The  occurrence  of  attacks  of  vomiting,  sometimes  early  in  the  disease,  was 
pointed  out  by  Topinard,  but  thought  by  him  to  be  a  mere  complication.  (Topiuard, 
'  De  I'ataxie  locomotrice,'  Paris,  1864,  p.  273.) 
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the  action  of  the  heart  has  sometimes  attended  such  attack,  and, 
rarely,  pyrexia  has  been  noted.  I  have  known  frequent  hiccough  to 
accompany  the  vomiting.  Such  an  attack  lasts  for  some  hours  or  days, 
and  then  subsides,  to  recur  in  a  few  weeks.  During  the  intervals  the 
functions  of  the  stomach  may  be  performed  in  a  perfectly  normal 
manner.  Although  pain  and  vomiting  usually  occur  together,  some 
patients  have  attacks  of  pain  without  vomiting,  and  in  others  there  is 
vomiting  without  pain.  Earely  there  is  nausea  alone.  A  temperate 
man,  in  the  early  stage  of  tabes,  suffered  during  three  years  from 
frequent  attacks  in  which,  for  several  days,  he  had  intense  nausea  each 
morning,  passing  away  in  the  afternoon,  and  succeeded,  in  the  evening, 
by  an  inordinate  craving  for  food.  He  never  vomited  unless  he  made 
himself  do  so,  in  the  vain  hope  of  thus  obtaining  relief.  After  two 
years  attacks  of  laiyngeal  spasm  were  added  to  the  attacks  of  nausea. 

The  chief  intestinal  disturbance  is  constipation,  but  paroxysmal 
diaiThoea  has  been  supposed  to  be  of  vaso-motor  origin,  and  connected 
with  the  disease  (Pierret).    Paroxysms  of  rectal  pain  (rectal  crises)  are 
not  uncommon,  and  are  often  accompanied  by  distressing  tenesmus, 
sometimes  by  a  sensation  as  if  there  was  a  foreign  body  in  the  rectum. 
In  rare  cases,  paroxysms  of  pain  have  precisely  the  character  of  attacks 
of  renal  colic  {nephralgia  crises),  or  are  felt  in  the  neck  of  the  bladder 
or  along  the  urethra  or  at  the  meatus  (vesical  or  urethral  crises). 
These  may  be  attended  by  an  intense  desire  to  micturate,  although  the 
bladder  may  be  empty  and  only  a  few  drops  of  urine  may  be  expelled. 
In  one  patient  such  pain  was  repeated  several  times  an  hour,  and  each 
attack  lasted  for  several  days.    Blood  may  be  passed  after  an  attack. 
Paroxysms  of  sexual  excitement  in  women  have  been  somewhat  un- 
necessarily termed  "  clitoris  crises." 

"  Laryngeal  crises"  are,  perhaps,  after  those  of  the  stomach,  the 
most  common  of  these  symptoms.    They  vary  much  in  character.  '  The 
most  common  form  is  a  true  laryngeal  spasm,  with  noisy  inspiration 
and  expiration,  cough,  and  often  considerable  dyspnoea.    The  paroxysms 
may  resemble  those  of  whooping-cough  or  of  laryngismus  stridulus. 
Pressure  on  the  superior  laryngeal  nerve  at  its  entrance  into  the 
larynx,  or  on  the  trachea,  or  the  introduction  of  a  sound,  will  sometimes 
induce  an  attack.    The  spasm  may  last  for  a  quarter  of  an  hour  or  for 
some  hours,  but  rarely  continues  so  long  as  the  gastric  crises.    In  one 
recorded  case  the  spasm  spread  to  the  pharynx,  making  swallowing 
impossible  ;  a  very  violent  attack  extended  to  the  muscles  of  respirat 
tion  and  the  patient  died  asphyxiated.    Death  from  these  attacks 
is,  however,  extremely  rare.    Paroxysms  of  rough  cough  have  been 
termed  "  bronchial  crises,-"  in  one  case  such  attacks  ceased  when  the 
patient  began  to  suffer  from  gastric  crises.    These  crises  are  often 
early  symptoms,  and  they  may  continue  for  many  years.    I  have  seen 
a  patient,  still  in  the  first  stage,  who  gave  a  history  of  gastric  crises 
during  the  preceding  eighteen  years. 
Comparable  to  these  paroxysmal  visceral  disturbances,  although 
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very  different  in  character  and  more  alarming  in  aspect,  are  cerebral 
symptoms,  whicli  are,  fortunately,  very  rare.  They  resemble  the  attacks 
that  are  common  in  general  paralysis  of  the  insane,  and  consist  of 
transient  apoplectiform  seizures,  hemiplegia,  or  convulsions  general 
or  one-sided.  They  may  occur  early  in  the  course  of  the  disease.  The 
alarm  they  occasion  is  not  without  foundation,  since  death  has  been 
known  to  occur  during  an  attack  of  apoplectic  semblance.  Paroxysms 
of  vertigo  sometimes  seem  to  be  of  similar  nature,  but  they  more  often 
depend  on  derangement  of  the  auditory  nerve. 

Goiirse  and  Termination. — It  is  convenient  to  divide  the  course  of  the 
disease  into  three  stages  (1)  In  which  there  is  no  alteration  in  gait, 
the  chief  indications  of  the  malady  being  the  loss  of  the  knee-jerk  and 
the  pains,  often  associated  with  loss  of  the  light  reflex  of  the  iris,  and 
unsteadiness  on  standing  with  the  feet  together  and  eyes  shut.  (2) 
That  in  which  there  is  distinct  affection  of  gait,  slight  or  considerable, 
but  in  which  the  patient  is  still  able  to  walk,  alone  or  with  the  aid 
of  one  or  two  sticks.  (3)  In  which  walking  is  possible  only  with  the 
aid  of  another  person,  or  it  is  impossible  for  the  patient  to  walk  or  to 
stand.  The  first  stage  is  not  always  present,  Inco-ordinationmay  be 
the  earliest  symptom,  and  I  have  known,  in  one  or  two  cases,  charac- 
teristic ataxy  to  be  developed  before  the  knee-jerk  was  lost. 

The  course  of  the  symptoms  is  extremely  variable.  The  epithet 
"progressive"  given  to  the  malady  by  Duchenne  expresses  a  charac- 
teristic of  a  large  proportion  of  the  cases  in  which  ataxy  is  developed, 
and  he  knew  no  other  cases  of  the  disease.  The  inco-ordination  tends 
to  increase,  slowly  or  rapidly,  until  it  reaches  a  considerable  degree, 
and  the  sensory  loss  shows  a  like  tendency.  The  pains  fortunately 
do  not  always  progress  with  the  other  symptoms.  They  are  often 
most  severe  in  the  early  period  of  the  disease,  and  may  either 
lessen  or  continue  unchanged  as  the  loss  of  sensation  increases. 
But  the  power  of  recognising  the  first  stage  of  the  disease,  which  we 
owe,  especially,  to  Westphal's  discovery  of  the  loss  of  the  knee-jerk,  has 
enlarged,  and'^in  enlarging  has  to  some  extent  modified,  our  conception 
of  the  general  tendency  of  the  disease.  It  is  exceedingly  common  for 
the  first  stage  to  remain  stationary  for  a  long  time,  for  ten,  twenty, 
and  even,  in  one  case,  for  twenty-five  years,  if  the  duration  of  the 
lightning  pains  may  be  accepted  as  proof  of  its  existence.  When  all 
cases  are  taken  together  and  patients  are  subjected  to  careful  treatment, 
I  do  not  think  that  the  disease  shows  a  progressive  tendency  in  more 
than  one  half  of  the  cases. 

The  various  symptoms  do  not  always  progress  pari  passu.  Sensi- 
bility may  fail  although  inco-ordination  does  not  increase.  Conversely, 
the  ataxy  may  become  greater  although  sensation  remains  the  same, 
and  even  when  it  shows  a  distinct  improvement.  Thus  a  patient  had 
slight  ataxy,  loss  to  pain  on  thighs,  legs,  and  trunk,  and  no  loss  to 
touch  or  temperature.  At  the  end  of  a  year  and  a  half  pam  was 
perceived  on  the  thighs,  and  touch  and  temperature  were  stiU  normal, 
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altlioiigli  the  ataxy  had  increased  considerably.  So  marked  indeed  is 
the  contrast  between  the  course  of  different  symptoms  in  some  cases 
that  it  suggests  a  certain  alternative  tendency.  If  optic  nerve  atrophy 
develops,  the  spinal  symptoms,  in  most  cases,  remain  stationary.  So 
too  of  visceral  crises.  I  have  known  gastric  crises  to  cease,  when  the 
mco- ordination  began  to  develop.  In  one  patient  all  the  symptoms  of 
tabes  passed  away,  the  knee-jerk  returned,  optic  nerve  atrophy  ceased 
to  advance,  but  the  patient  became  insane. 

When  the  disease  progresses,  the  rate  of  its  advance  varies  much. 
Sometimes  it  is  slow  and  uniform,  and  the  ataxy  is  considerable  only 
at  the  end  of  several  years.    On  the  other  hand  it  may  be  rapid,  so 
that  in  a  few  months  the  patient  is  scarcely  able  to  walk.  More 
commonly  the  progress  is  varied  ;  periods  in  which  the  disease  is  almost 
stationary  alternate  with  others  in  which  the  symptoms  increase 
rapidly.    The  exacerbations  may  seem  spontaneous,  or  may  be  distinctly 
excited  by  some  prejudicial  influences,— a  chill,  a  fall,  or  some  excess 
alcoholic  or  sexual.    They  are  sometimes  very  acute ;  a  marked  change 
may  occur  in  the  course  of  a  few  days,  or  even  in  a  few  hours.  Thus 
I  have  known  a  patient  to  pass,  in  the  course  of  twenty-four  hours, 
from  a  condition  in  which  he  could  walk  fairly  well  to  one  in  which  he 
could  scarcely  stand.    Muscular  power  may  lessen  in  such  a  sudden 
exacerbation,  or  the  increase  may  be  confined  to  the  true  symptoms  of 
the  disease.    In  the  former  case  it  is  probable  that  there  is  a  myelitic 
or  neuritic  complication;  in  the  latter  there  seems  to  be  merely  an 
acute  process  developed  in  the  nerve-elements  in  which  the  chronic 
disease  was  in  progress.    It  is  often  accompanied  by  acute  sensory 
disturbance.    One  patient  felt  for  weeks  as  if  his  feet  were  of  enor- 
mous size,  as  large  as  the  room  he  was  in.    The  conditions  thus 
developed  may  pass  away  again,  leaving  the  patient  on  a  little  lower 
level  than  before,  or  they  may  persist  without  any  considerable  reco- 
very. 

There  is  nothing  in  the  nature  of  the  disease,  in  most  cases,  to 
produce  death.  The  only  direct  effect  of  the  malady,  which  has  ended 
lite  IS  laryngeal  spasm  or  paralysis.  Even  the  gastric  symptoms 
prostrating  as  they  are,  are  never  fatal.  Patients  who  have  reached 
the  third  stage  have  lived,  bedridden,  for  twenty  years.  Death 
oiten  results  from  intercurrent  maladies,  some  of  which  are  more 
dangerous  to  tabetics  than  to  others  because  they  may  develop 
painlessly  and  attain  a  serious  degree  before  their  existence  is  suspected 
But  many  patients  die  from  indirect  results  of  the  disease.  Kidnev 
comp  icattons  are  the  most  common;  they  often  develop  most  insidiously 
and  then,  as  it  were,  explode.    The  patient  may  be  seized  with  acute 

theti:r'  -^^^^  unsuspected  un^ 

the  ur  ne  is  examined    I  have  known  a  patient,  still  in  the  first  sta^e, 
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Complications.— Occurring,  as  most  cases  do,  in  syphilitic  sub- 
jects, tabes  is  sometimes  complicated  by  true  syphilitic  lesions  of  the 
brain  or  cord.  Some  of  the  cranial  nerve  palsies  that  are  observed  in 
the  early  stage  of  the  disease  are  of  this  nature. 

Acute  or  subacute  myelitis  may  occur  during  the  course  of  the 
disease  as  well  as  before  its  development.  In  such  cases  rapid  loss 
of  power,  with  other  symptoms,  indicates  the  occurrence  of  an 
acute  process  involving  other  elements  of  the  cord  than  those  on 
which  the  special  symptoms  of  tabes  depend.  Such  myelitis  is 
probably  also,  in  some  cases,  of  syphilitic  origin.  Sometimes  it  is 
apparently  simple;  it  may  develop  after  exposure  to  some  exciting 
cause,  as  in  the  case  already  mentioned,  in  which,  after  the  patient 
had  suffered  for  four  years  from  gastric  crises  and  pain,  com- 
plete paraplegia  developed  a  few  days  after  he  had  sat  for  some 
time  on  wot  grass.  Such  a  complication  must  not  be  confounded 
with  the  simple  acute  exacerbation  in  the  special  symptoms  already 
described. 

Other  system- diseases  of  the  cord  may  develop  as  complications  of 
tabes.    The  lateral  columns  may   degenerate  with  the  posterior, 
giving  rise  to  "ataxic  paraplegia,"  but  this  is   rather  a  distinct 
affection  than  a  complication  of  true  tabes,  and  will  be  so  described. 
"Weakness  may,  however,  supervene  slowly  in  the  course  of  locomotor 
ataxy,  without  muscular  atrophy,  and  with  a  persistence  of  the  special 
symptoms  of  the  disease,  from  a  later  extension  of  the  morbid  process 
to  the  lateral  columns.    Another  occasional  complication  is  progressive 
muscular  atrophy.    We  have  already  seen  that  local  atrophy  of 
muscles  is  not  very  rare  in  the  later  stages  of  tabes,  but  in  the  cases 
now  under  consideration,  muscular  atrophy  develops  as  in  its  primary 
form,  and  runs  an  independent  course,  such  as  it  pursues  when  it 
exists  alone.    Thus  a  gentleman,  who  had  had  hemiplegia  from 
syphilitic  vascular  disease,  developed  the  first  stage  of  tabes— pains, 
loss  of  knee-jerk,  loss  of  the  iris-reflex,  and  slight  unsteadiness.  He 
had  two  courses  of  treatment  at  Aix-la-Chapelle,  and  at  the  end  of 
the  second,  by  which  he  was  much  prostrated,  the  muscles  of  the 
hands  began  to  waste.    The  atrophy  spread,  and  in  the  course  of  two 
years  almost  all  the  muscles  of  the  arms,  shoulders,  and  back  became 
extremely  wasted.    In  rare  cases  the  legs  present  the  symptoms  of 
tabes,  while  in  the  arms  there  is  the  jerky  inco-ordination  of  dissemi- 
nated sclerosis,  and  the  coexistence  of  the  two  diseases  has  been 
demonstrated  post  mortem. 

Another  very  important  and  frequent  comphcation  of  tabes  is 
general  paralysis  of  the  insane.  The  two  diseases  have  many 
alliances.  It  is  probable  that  syphilis  predisposes  to  general  para- 
lysis as  well  as  to  tabes.  Reflex  iridoplegia  is  common  in  both  diseases. 
The  two  maladies  are  often  combined,  and  the  symptoms  of  one  or  the 
other  may  preponderate.  Thus  many  general  paralytics  present  sym- 
ptoms of 'tabes,  and  its  characteristic  lesion  is  found  after  death.  On 
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the  other  hand,  cases  of  tabes  may 
present  slight  symptoms  of  general 
paralysis,  perhaps  only  slight  optimism 
and  mental  weakness,  which  may  re- 
main subordinate  or  may  increase  to 
a  pronounced  and  preponderant  de- 
gree.   It  may  be  difficult  to  say  in 
which  category  a  case  should  be  placed. 
It  is  sometimes  said  that  a  case  may 
commence  as  ataxy,  and  may  change 
to  general  paralysis,  but  a  more  cor- 
rect expression  of  the  facts  is  the  co- 
existence of  the  two  affections,  and  the 
dominance  of  the  symptoms  of  one  or 
the  other. 

Of  complications  of  tabes  outside 
the  nervous  system,  valvular  heart 
disease  is  the  most  important,  and 
usually  develops  without  any  of  the 
usual  antecedents  of  heart  disease,  and 
at  an  age  at  which  degeneration  is 
unlikely.    Aortic  regurgitation  is  es- 
pecially frequent.  It  is  not  improbable 
that  the  cardiac  and  neural  diseases 
own  a  common  cause — syphilis,  and 
that  the  valvular  lesion  is  due  to  the 
syphilitic  process  that  is  known  some- 
times to  attack  the  cardiac  and  espe- 
cially the  aortic  valves. 

Pathological  Anatomy.— In  most 
cases  the  spinal  cord  presents  changes 
visible  to  the  naked  eye.  The  poste- 
rior columns  have  a  grey  translucent 
appearance,  which  is  due  to  the  loss  of 
the  white  myelin  of  the  nerve-fibres 

Fig.  111.— Locomotor  ataxy  involving  the 
legs  only.  Sclerosis  of  the  whole  posterior 
columns  in  the  lumbar  region,  gradually 
hecommg  limited,  in  the  lower  dorsal  re- 
gion, to  the  root-zone  and  posterior  median 
column  The  latter  only  is  affected  in  the 
T^^  "^''^^^^^  (ascending  degenera! 
in       nn^'"""  ^«^ending  degeneration 

m  the  antero-lateral  ascending  tract  This 
18  rather  greater  on  the  left  side,  while  the 
post.-median  degeneration  is  greater  on  the 
right,  in  harmony  with  the  theory  put  for- 
ward  on  p.  119,  that  the  latter  contains 
fibres  which  do  not  decussate. 


it     -  -'^  — 
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and  to  an  increase  of  the  connective  tissue  ("  grey  degeneration  "). 
The  whole  of  the  posterior  columns  may  be  thus  changed,  or  only  parts 
of  them,  the  distribution  of  the  visible  alteration  being  that  of  the 
histological  changes  revealed  by  the  microscope  and  presently  to  be 
described.  In  the  cord  hardened  by  bichromate  of  potash  or  chromic 
acid,  the  difference  of  tint  in  the  diseased  areas  is  even  more  distinct 
than  it  is  in  the  fresh  organ.  The  posterior  columns  are  also  smaller 
than  normal,  because  the  bulk  of  the  connective  tissue  is  less  than 
that  of  the  normal  fibres:  hence  the  shape  of  the  cord  is  slightly 
changed. 

In  a  section  of  the  cord  stained  with  carmine  or  other  agent,  and 
examined  under  the  microscope,  the  affected  areas  are  conspicuous  by 
the  deep  staining  of  the  connective  tissue.  The  position  of  the  excess 
of  this  tissue,  of  the  "  sclerosis,"  as  it  is  termed,  indicates  the  place  in 
which  the  nerve-fibres  have  degenerated.  In  the  most  frequent  condi- 
tion, in  which  the  legs  only  are  affected,  the  sclerosis  occupies  the  whole 
of  the  columns  in  the  lumbar  region  (Fig.  Ill)  but  it  is  often  slight 
in  the  anterior  parts  of  the  poster o-external  columns,  which  may  even 
be  free  from  sclerosis,  and  in  the  middle  of  these  columns  many  normal 
nerve-fibres  may  be  mingled  with  tracts  of  connective  tissue.  The 
sclerosis  is  most  dense  in  the  part  adjacent  to  the  posterior  cornu, 
through  which  the  posterior  root-fibres  run,  and  near  the  surface  of  the 
cord.  Above  the  lumbar  enlargement  the  affection  of  the  postero- 
external  columns  gradually  ceases,  but  the  degeneration  is  intense  m 
the  postero-median  columns,  and  has  the  distribution  of  an  ascending 
degeneration,  as  it  in  fact  is,  receding,  in  the  upper  cervical  region, 
from  the  commissure.  (Compare  Fig.  Ill  with  Fig.  67,  p.  117.)  In 
other  cases  the  external  band  of  sclerosis,  adjacent  to  the  cornu, 


Fig  112  —Tabes  with  ataxy  of  the  arms  as  well  as  the  legs.  Section  of 
cord  in  cervical  region,  showing  sclerosis  of  the  post.-med.  column  and 
root-zone  of  poBt.-ext.  col.    Degeneration  of  left  ant.  cornu. 

extends  up  through  the  dorsal  cord  and  even  through  the  cervical 
enlargement,  blending  with  the  median  tract  at  the  periphery 
(Fig.^112).  The  median  degeneration  then  extends  up  to  the 
commissure  throughout  the  cervical  region,  just  as  does  the  secondary 
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degeneration  that  results  from  a 
But  in  the  cervical  enlargement 
the  imaffected  area  in  the  ante- 
rior part  of  the  postero-external 
column  is  usually  much  larger 
than  in  the  lumbar  enlargement. 

In  rare  cases,  of  severe  degree 
and  long  duration,  the  posterior 
columns  are  occupied  by  con- 
nective tissue  in  their  whole  ex- 
tent from  one  end  of  the  cord  to 
the  other.  A  few  fibres  of  the 
posterior  roots  and  a  few  vertical 
fibres  near  the  commissure  may 
alone  be  recognisable.  An  in- 
stance of  such  complete  sclerosis 
is  shown  in  Fig.  113. 

On  the  other  hand,  in  slight 
cases,  in  which  the  disease  is 
still  in  the  first,  or  in  the  com- 
mencement of  the  second  stage, 
the  sclerosis  is  moderate  in  de- 
gree even  in  the  regions  of  the 
cord  most  affected.    The  separa- 
tion of  the  sclerosed  areas  in  the 
postero-external    and  postero- 
median columns  may  be  distinct 
throughout    the    cord,  except 
in    the    lumbar  enlargement, 
where  the  median  degeneration 
expands  into  the  external  column. 
The  sclerosis  of  the  postero- 
external column  is  then  usually 
limited  to  the  root-zone,  and 
varies  in  width,  according  to  the 
width  of  the  area  of  the  column 
through  which  the  root-fibres 
pass.    In  the  dorsal  region  there 
is  usually   a  narrow  band  of 
sclerosis  close  to  the  posterior 
cornu ;  in  the  lumbar  region  it 
reaches  almost  to  the  median 
septum.    The  anterior  part  of 
the  post,  external    column  is 
often  free   from   disease.  In 
some  instances,  however,  a  very 
slight  degree  of  sclerosis  extt-nds 


ical  lesion  (see  Fig.  69,  p.  118). 


Fig.  113. — Locomotor  ataxy :  extreme  in- 
co-ordination  and  anaesthesia  in  both 
arms  and  legs;  the  posterior  columns 
are_  sclerosed  throughout  the  cord  in 
tlieir  entire  extent.  A,  upper  cervical, 
B,  C,  D,  dorsal,  E,  lumbar  regions.  In 
P  there  is  also  some  degeneration  of  the 
intermediate  grey  substance. 


310 


SPINAL  CORD. 


from   the    most    affected  tracts 
througli  the  rest  of  the  columns 
and  is  generally  greatest  in  their 
posterior  half.    This  condition  ex- 
isted in  the  veiy  instructive  case 
shown  in  Fig.  114.    The  intensifi- 
cation of  this  diffuse  sclerosis  in 
the  root-zone  and  median  columns 
is  very  distinct,  although  the  affec- 
tion of   the  latter  is  unusually 
slight.    There  is,  moreover,  in  the 
dorsal  region,  sclerosis  of  another 
part  of  the  postero-external  column 
— the  comma-shaped  tract  of  short 
fibres,  which   degenerates  down- 
wards for  a  few  inches  beloAV  a 
transverse  lesion  of  the  cord  (see 
p.  120  and  Figs.  69  and  98,  f).  It 
is  most  distinct  at  d,  8,  but  can  be 
traced  up  to  the  cervical  region, 
where  its  form  is  changed. 

The  antero-lateral  columns  may 
be  perfectly  normal,  even  when  the 

Fig.  114. — Loco,  ataxy.  Sclerosis  of  pos- 
terior columns.    In  the  lumbar  section 
the  posterior  portion  of  both  p.  m.  c. 
and  p.  e.  c.  is  densely  sclerosed,  but 
in  front  the  disease  is  limited  to  the 
post.-med.  col.     At  the  tenth  dorsal 
the  sclerosis  is  also  general,  but  is  dense 
only  in  the  root-zone  of  the  post.  ext. 
col.     At  the  eighth  and  fourth  dor- 
sal the  change  is  slight  except  in  three 
areas,  the  root-zone,  the  middle  part 
of  the  post.-med.  col.,  and  the  comma- 
shaped  tract  in  the  front  of  the  post, 
ext.  col.    At  the  first  dorsal  the  comma- 
shaped  tract  is  narrow  and  in  the  lower 
cervical  it  merges  in  a  baud  of  sclerosis, 
which  bounds  the  anterior  part  of  the 
post.-med.  col.    There  is  a  little  diffuse 
sclerosis  through  the  rest  of  the  column, 
and  in  the  first  dorsal  there  is  some 
degeneration  of  the  anterior  cornua. 
Symptoms  of  the  first  stage  of  tabes 
existed  for  four  years  (lightning  pains, 
slight  analgesia,  loss  of  knee-jerk,  loss 
of  iris-reflex,  gastric  crises,  optic  nerve 
atrophy).    A  few  weeks  before  death 
the  legs  gradually  became  paralysed, 
and  the  arms  ataxic;  retention  of  urine 
caused  acute  kidney  mischief,  which  \yas 
the  immediate  cause  of  death.  No  lesion 
was  found  after  death  to  explain  tho 
subacute  paraplegia. 


LOCOMOTOR  ATAXr.  311 


disease  of  the  posterior  columns  is  great.  Often,  however,  in  old  cases, 
there  is  a  slight  general  increase  in  the  connective  tissue  throughout 
the  cord.  Sometimes  there  is  distinct  sclerosis  of  other  definite  tracts. 
The  ascending  antero-lateral  tract  may  be  degenerated  above  the  lower 
dorsal  region,  below  which  it  seems  not  to  exist ;  the  fibres  probably 
pass  to  it  from  the  posterior  commissure  in  the  lower  dorsal  region. 
An  example  of  this  degeneration  is  shown  in  Fig.  111.  The  direct 
cerebellar  tract  is  also  occasionally  diseased,  but  certainly  less 
frequently  than  has  been  alleged.  In  rare  cases  there  is  a  distinct 
degeneration  of  the  pyramidal  tracts.  The  peripheral  layer  of  the 
antero-lateral  column  is  occasionally  the  seat  of  sclerosis,  the  connec- 
tive tissue  extending  in  from  the  pia  mater;  this  is  usually  also 
thickened,  apparently  from  chronic  inflammation,  which  will  be  again 
referred  to. 

In  slight  cases  it  is  difiicult  to  distinguish  any  changes  in  the  grey 
matter  of  the  cord,  although  it  is  probable  that  there  is  an  atrophy  of 
some  of  the  nerve-cells  and  fibres  in  the  posterior  horn.    In  more 
advanced  cases  such  atrophy  is  constant,  as  Lockhart  Clarke  first 
showed.    The  posterior  commissure  may  also  be  smaller  than  normal. 
The  posterior  vesicular  column  (of  Clarke)  shows  distinct  degene- 
ration in  many  cases.     Some  atrophy  of  the  plexus  of  fine  fibres 
contained  in  these  columns  is  said  to  be  almost  invariable  (Lissauer). 
In  other  cases  the  change  is  greater,  the  cells  and  vertical  fibres  waste, 
and  only  a  few  shrunken  cells  scattered  through  a  translucent  nucleated 
tissue  may  remain.    The  atrophy  of  the  cells  is  said  to  be  associated 
with  sclerosis  of  the  direct  cerebellar  tract.    When  the  cells  are 
unaffected,  although  the  intervening  substance  is  diseased,  the  cere- 
bellar tract  may  be  normal,  and  the  fibres  passing  to  it  from  the  front 
of  the  vesicular  tract  may  be  unaffected.    The  degeneration  of  the  grey 
matter  often  extends  into  the  intermediate  region  between  the  cornua 
(Fig.  113,  B)  ;  the  intermediate  lateral  tract  of  cells  may  be  atrophied 
and  occasionally  even  the  anterior  cornu  and  its  cells  suffer  in  a  similar 
way  (Figs.  112,  114,  b,  1)    This  change  is  met  with  in  the  cases  in 
which  there  is  secondary  muscular  atrophy. 

The  sclerosis  varies  considerably  in  its  histological  characters.  In 
shght  cases,  there  is  merely  a  moderate  thickening  of  the  trabecul^e 
and  their  branches.    The  larger  tracts  are  more  fibrous  than  normal 
and  more  nuclei  are  seen  than  in  health.    Everywhere  the  new  growth 
of  connective  tissue  proceeds  chiefly  from  the  pre-existing  tracts 
trabecule,  vessel-walls,  &c.    When  the  change  is  considerable,  the 
trabecule  are  very  broad,  and  areas  seem  to  consist  wholi;  o^ 
connective  tissue,  fibrillated  and  nucleated.    In  old  cases  there  is 
sometimes  htt  e  appearance  of  fibrillation  in  the  most  affected  region 
cells  and  thickened  vessels  lie  in  granular  or  homogeneous  tfssue' 
From  the  parts  most  affected,  the  nerve-fibres  have  wholly  disappeared 
In  other  parts,  however,  close  examination  reveals  many  fibres  ZZer 
than  noi-mal,  and  many  points  that  may  possibly  be  axis -cylinders 
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Tlie  wallB  of  the  vessels  are  usually  increased  in  thickness,  sometimes 
to  a  very  considerable  degree.  The  coat  next  the  endothelium  may  be 
thickened  and  contain  many  nuclei,  but  the  chief  thickening,  in  most 
oases,  is  in  the  outer  coat  and  adventitia.  The  vessels  are  most  affected 
near  the  posterior  median  septum,  the  posterior  surface,  and  the  grey 
matter.  Prom  the  thickened  wall  trabeculse  pass  off  into  the  adjacent 
tissue.  The  pia  mater  is  sometimes  thickened  over  the  posterior 
columns ;  the  vessels  in  it  may  be  similarly  changed.   The  alteration  in 


Fig.  115. — Tabes.  Chronic  meningitis.  Cervical  region.  Sclerosis  of 
post.-median  columns  and  slight  diffuse  sclerosis  of  the  cord,  least  in 
ant.  cols.,  dense  in  the  right  lateral  column.  Thickened  pia  mater, 
and  damage  to  subjacent  superficial  layer  of  the  cord. 

the  membrane  may  extend  over  the  neighbouring  part  of  the  lateral 
column,  and  even  around  the  cord  (Fig.  115),  and,  as  already  stated, 
septa  passing  from  it  into  the  cord  may  be  thickened  in  the  circumferen- 
tial zone.  In  cases  of  rapid  course,  products  of  degeneration,  masses 
of  myelin  and  granule- corpuscles,  maybe  found  in  the  affected  parts. 

In  rare  cases  other  lesions  are  found  in.  the  cord,  corresponding 
to  the  complications  already  described.  The  lateral  columns  may  be 
sclerosed  apart  from  any  thickening  of  the  membranes.  Diffuse  myelitis 
may  be  met  with,  and,  occasionally,  characteristic  insular  sclerosis  has 
been  found  in  the  cervical  region  with  posterior  sclerosis  in  the  lumbar. 

The  posterior  nerve-roots  may  appear  normal  in  slight  cases;  it 
must  be  remembered  that  only  a  considerable  degree  of  disease  can 
be  detected  even  by  the  microscope.  Often  their  disease  is  con- 
spicuous ;  when  the  cord  is  much  affected  they  are  invariably  atro- 
phied, grey  and  thin  to  the  naked  eye,  and  the  microscope  shows 
wasting  of  the  nerve-fibres  and  slight  increase  of  connective  tissue. 
The  change  may  extend  down  to  the  ganglia,  where  it  ceases.  The 
ganglia  themselves  are  almost  always  normal  in  structure,  and  the 
mixed  nerve  beyond  them  is  free  usually  from  degeneration.  The 
anterior  nerve-roots  are  altogether  normal,  except  in  the  rare  cases  in 
which  the  anterior  comua  have  suffered,  and  then  some  of  their  fibres 
may  be  degenerated.  In  this  case  these  atrophied  fibres  may  be 
traced  also  in  the  mixed  nerve-trunk  beyond  the  ganglion. 
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Tlie  peripheral  spinal  nerves  have  been  recently  found  to  undergo 
atrophy  in  a  large  number  of  cases  of  tabes.*  The  change  consists  in 
a  wasting  of  the  nerve-fibres,  beginning  in  the  v?hite  substance,  which 
may  be  reduced  to  a  very  narrow  layer.  Ultimately  the  axis-cylinders 
jjerish.  There  may  be  a  slight  increase  in  the  interstitial  tissue  and 
nuclei,  but  the  change  seems  to  commence  in  the  nerve-fibres  them- 
selves. The  degeneration  is  greatest  in  the  cutaneous  nerve- filaments, 
and  lessens  in  degree  as  the  nerves  are  examined  higher  up.  In  nerves 
one  or  two  milhmetres  thick  it  is  still  considerable,  although  there  are 
more  healthy  fibres  than  in  the  peripheral  twigs.  In  larger  nerve-trunks 
it  gradually  ceases,  and  near  the  spine  the  nerves  are  always  healthy. 
The  sensory  fibres  seem  to  be  exclusively  affected.  The  lesion  has 
hitherto  been  found  chiefly  in  the  sensory  nerves  that  supply  the  skin 
and  joints,  but  that  the  sensory  nerves  of  muscle  undergo  a  similar 
change  has  been  ascertained  by  Dejerine.  The  peripheral  degeneration 
is  found  most  commonly  in  the  legs,  but  is  met  with  also  in  the  arms 
when  these  are  the  seat  of  symptoms.  The  change  in  the  nerves  bears 
no  relation  to  that  in  the  spinal  cord  in  degree,  or  even  in  existence,  for 
extreme  alterations  have  been  found  in  the  nerves  when  the  cord  is 
quite  normal.  On  the  other  hand,  in  some  cases,  the  nerves  have 
been  examined  and  foimd  healthy. 

The  optic  nerves  when  atrophied  present  wasting  of  the  nerve- 
fibres,  and  very  often  a  remarkable  increase  in  the  interstitial  connec- 
tive tissue,  which  forms  thick  tracts,  of  gelatinous  aspect,  between  the 
bundles  of  nerve-fibres.  Degeneration  of  the  ascending  root  of  the 
fifth  nerve  has  been  found  (first  by  Westphal  in  1864)  in  cases  in 
which  symptoms  were  present  in  the  area  of  its  distribution. 
Sclerosis  of  the  third  nerve  has  also  been  found. 

Pierret  has  described,  as  common  in  cases  with  vaso-motor  and 
visceral  symptoms,  a  degeneration  of  the  intermedio-lateral  tract  and 
adjacent  nerve-fibres  in  the  upper  part  of  the  cord,  traceable  up  the 
medulla  oblongata  in  the  region  of  the  so-called  "  slender  column," 
adjacent  to  the  accessory,  glossopharyngeal,  and  pneumogastric  nuclei 
from  which  it  is  supposed  that  the  chief  visceral  and  vaso-motor 
influences  are  exerted.  The  sympathetic  has  been  examined  in 
several  cases,  and  found  healthy,  with  one  exception,  in  which  the 
sympathetic  on  the  left  side  of  the  neck  was  degenerated  in  association 
with  left  exophthalmos. 

In  the  cases  in  which  arthritic  symptoms  have  been  present  during 
life,  or  fractui-es  have  occurred,  conspicuous  changes  are  found  after 
death.  There  is  occasionally  an  extraordinary  wasting  of  the  articular 
ends  of  the  bones,  which  seems  to  begin  by  rapid  erosion  of  the 
cartilages,  extending  quickly  to  the  bone  beyond,  the  extremity  of 

*  The  first  observation  was  made  by  Westplial,  but  the  extent  and  significance  of 
the  change  in  the  nerves  was  pointed  out  by  Pievret  (1880),  and  his  observation  was 
soon  after  confirmed  and  extended  by  Dejerine  and  Pitres. 
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wliicli  may  be  much  reduced  in  size  and  altered  in  form.  In  the  hip- 
jpiut,  for  instance,  in  a  case  recorded  by  Charcot,  the  edges  of  the 
acetabulum  had  been  removed,  and  the  whole  of  the  head  of  the  femur 

and  most  of  the  trochanter  had  disappeared 
(Fig.  116). 

Similar  changes  have  been  found  in  most 
of  the  larger  joints.  In  the  bones,  the  compact 
tissue  has  been  found  thinner  and  more 
porous  than  normal.  At  the  seat  of  old  frac- 
tures a  large  amount  of  bony  callus  is  formed 
(Fig.  116),  and  sometimes  new  bone  is  found 
in  the  capsule  of  joints  that  have  been  injured. 


Pathology. — The  great  fact  of  the  patho- 
logy of  tabes  is  that  it  is  a  neural  degenera- 
tion in  the  sensory  nervous  system,  peripheral 
and  central.  In  both  peripheral  nerves  and 
spinal  cord,  the  incidence  of  the  disease  is 
almost  exclusively  on  sensory  structures,  and 
the  changes  seem  to  begin  in  the  nerve-ele- 
ments themselves.  The  cerebral  system  suffers 
in  far  less  degree  than  the  spinal,  and  in 
more  irregular  form,  but  in  the  occasional 
peripheral  degeneration  of  the  optic  nerve 
and  the  central  changes  in  the  roots  of  the 
fifth,  we  may  trace  the  same  law  of  distri- 
bution. It  is  less  dominant,  however,  than 
in  the  spinal  system,  since  some  of  the  cranial 
nerve  symptoms  are  exclusively  motor.  The 
motor  character  of.  the  leading  symptom, 
ataxy,  is,  as  we  shall  see,  only  an  apparent 
and  not  a  real  exception  to  the  general  sen- 
sory character  of  the  malady. 
The  degeneration,  it  has  just  been  said,  must  be  regarded  as  com- 
mencing in  the  nei-ve-elements  themselves ;  the  overgrowth  of  connective 
tissue,  which  gives  to  the  lesion  its  obtrusive  character,  is  secondary. 
That  this  is  true  of  the  spinal  cord  lesion  has,  indeed,  been  doubted, 
chiefly  on  the  ground  of  the  thickening  of  the  walls  of  the  vessels  seen 
in  some  cases,  and  the  manner  in  which  the  increase  of  tissue  seems 
to  start  from  them.  But  the  "  system  "  character  of  a  disease,  the 
limitation  of  a  widespread  lesion  in  its  early  stage  or  shght  degree  to 
structures  having  a  common  function,  is  probably  in  all  cases  proof  of 
its  neural  origin,  i.  e.  its  origin  in  the  nerve-elements  themselves.  In 
tabes  the  evidence  thus  afforded  is  corroborated  by  the  disease  of 
the  peripheral  nerves,  which  unquestionably  commences  in  the  nerve- 
fibres,  and  by  the  partial  character  of  the  sensory  loss,  which  means 
the  limitation  of  the  chief  lesion  to  fibres  of  one  sensory  function. 


ri&.  116. — Osseous  lesions 
in  tabes.  (After  Charcot.) 
A.  Atrophy  of  the  head 
of  the  femur.  B.  Exces- 
sive formation  of  callus 
after  so-called  "  sponta- 
neous" fracture  of  the 
ulna  and  radius. 
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There  is  every  gradation,  moreover,  between  the  cases  in  which  the 
vessels  of  the  cord  suffer  much,  and  those  in  which  they  are  unchanged, 
and  in  which  there  is  nothing  even  to  suggest  an  initial  interstitial 
process.  The  change  in  the  vessels  may  reach  a  high  degree  in  the  pos- 
terior median  columns  when  their  degeneration  is  secondary,  and  cer- 
tainly commences  in  the  nerve-fibres  ;  a  similar  thickening  of  the  vessels 
has  also  been  met  with  in  some  other  instances  of  purely  secondary 
degeneration.  We  must,  moreover,  remember  that  the  overgrowth  of 
the  neuroglia  is  a  pathological  process  of  growth  distinguishable  from 
the  degeneration  of  the  fibres  that  excites  it.  It  may  vary  in  degree 
in  different  cases,  and  does  so  conspicuously  in  secondary  degeneration 
of  peripheral  nerves,  in  which  it  may  assume  an  inflammatory  character 
independent  of  any  propagated  inflammation  from  the  primary  lesion. 
Moreover  the  growth  of  new  is  mainly  from  old  tissue,  and  the  chief 
new  tracts  are  clearly  determined  in  position  by  the  pre-existing  tissue. 
The  neighbourhood  of  vessels  seems  the  place  in  which  connective 
tissue  grows  most  readily.  It  is  from  the  trunk  that  the  twigs  of  a 
pollard  willow  spring,  but  they  would  not  grow  there  had  not  the 
branches  been  lopped  off.  Once  excited,  the  energy  of  tissue-growth  may 
be  in  some  degree  independent  of  its  cause.  Some  vascular  disturbance 
may  attend  it,  and  thus  a  sub-inflammatory  condition  is  probably 
sometimes  developed,  which  may  invade  the  pia  mater,  and  through 
this  may  spread  widely.  Whether,  in  some  cases,  a  constitutional 
state,  disposing  to  tissue  overgrowth  and  tissue  inflammation  (as 
syphilis  perhaps  does  in  certain  stages),  may  determine  the  degree  of 
tbe  interstitial  change,  is  a  problem  of  much  interest,  which  does  not, 
however,  affect  the  question  which  has  been  just  discussed. 

The  relation  of  the  disease  to  syphilis  is  as  obscure  in  nature  as  it 
is  certain  in  fact.  There  is  nothing  in  tbe  histological  character  of 
the  lesion  that  can  be  compared  with  the  morbid  processes  that  are 
recognised  as  certainly  syphilitic.  There  is  nothing  therefore  to 
warrant  the  opinion  that  any  morbid  germs  deposited  in  the  cord  or 
nerves  lead  to  the  development  of  the  disease.  It  is  probable  that 
syphilis  leaves  behind  it  a  predisposition  to  nerve  degeneration 
lowers,  in  certain  nerve- elements,  the  capacity  for  resisting  morbid 
influences,  leaves  many  patients  in  a  condition  analogous  to  that  of 
one  who  inherits  a  predisposition  to  neural  diseases.  Thus  we  can 
understand  the  length  of  time  that  often  intervenes  between  the 
syphihs  and  the  first  symptoms  of  tabes,  the  co-operation  of  other 
causes,  and  likewise  the  fact  that  other  degenerative  diseases,  besides 
locomotor  ataxy,  sometimes  occur  in  those  who  have  had  constitutional 
syphilis. 

The  pathological  facts  already  known  afford  an  adequate  and  easy 
explanation  of  many  of  the  symptoms  of  the  disease.  There  mav  be 
an  interruption  of  the  sensory  path  in  one  or  both  of  two  places  in 
the  peripheral  nerves,  and  in  the  posterior  root-fibres  as  they  enter 
the  cord,  and  an  interruption  of  the  fibres  in  either  place  will  explain 
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the  loss  of  sensibility  which  is  so  frequently  present.  The  pains  may 
reasonably  be  ascribed  to  the  molecular  changes  of  the  process  of  dege- 
neration in  the  nerve-fibres,  either  in  the  periphery  or  in  the  cord.  The 
intensity  oO  a  sensation  is  no  measure  of  that  of  the  change  that  causes 
it.  Whether  the  affection  of  the  sensory  cells  of  the  cord  takes  part 
in  the  production  of  the  pain  we  cannot  tell ;  such  a  mechanism  is  not 
imj)robablc,  since  it  is  certain  that  degeneration  occurs  in  the  posterior 
horns,  and  the  affection  of  the  antero-lateral  ascending  tract  may  be 
taken  as  evidence  of  the  degeneration  of  the  cells  in  which  some  sensory 
fibres  from  the  skin  terminate.*  The  loss  of  reflex  action  from  the 
skin  is  explained  by  the  interruption  of  the  sensory  path,  and  an 
increased  irritability  of  the  sensory  nerves,  the  result  of  the  com- 
mencing degenerative  changes,  sufficiently  explains  both  the  hyper- 
sesthesia  and  the  increase  of  reflex  action  sometimes  observed  (see  p. 
147).  Whatever  theory  of  the  nature  of  the  so-called  "tendon- 
reflex  "  action  is  held,  the  loss  of  the  knee-jerk  must  be  explained  by 
an  interruption  of  the  sensory  path.  On  the  theory  I  have  advanced, 
the  arrest  of  impressions  from  the  sensory  muscular  nerves  abolishes 
the  muscle-reflex  action  on  which  the  local  irritability  depends. 
Many  other  facts  of  disease  show  that  this  irritability  is  easily  lost, 
and  that  a  very  slight  change  in  any  part  of  the  reflex  are,  too  slight 
to  cause  other  symptoms,  is  sufficient  to  arrest  the  knee- jerk. f  Hence 
we  can  understand  that  this  loss  should  be  constant  and  early.  It  is 
not  improbable,  moreover,  that  these  nerves  suffer  in  special  degree. 
The  muscles  may  be  insensitive  to  pain  as  of  electrical  stimulation. 
Pressure  and  extension,  which  in  health  are  painful,  sometimes  cause 
no  sensation,  even  when  the  skin  is  sensitive. 

The  mechanism  of  the  muscular  inco-ordination,  which  is  the 
obtrusive  symptom  of  the  disease,  has  been  the  subject  of  much  dis- 
cussion. Two  fundamental  facts,  however,  limit  the  problem.  First, 
the  ataxy  cannot  be  primarily  due  to  the  loss  of  cutaneous  sensibility. 
Disease  of  the  conducting  j^ath  in  the  cord  may  cause  absolute 
ansesthesia  of  the  skin  without  the  least  ataxy.  Although  this  does 
not  prove  that  interruption  of  the  sensory  path  in  the  nerves,  between 
the  skin  and  the  reflex  centres,  may  not  cause  inco-ordination,  this 
element  seems  to  be  excluded  by  the  fact  that  there  is  no  relation 
between  the  ataxy  and  the  loss  of  feeling  in  the  skin.  There  may  be, 
in  tabes,  much  ataxy  without  any  cutaneous  ansesthesia,  and  vice 
versa.  The  second  fact  is  that  ataxy  may  exist  in  considerable  degree 
when  the  lesion  is  solely  one  of  the  peripheral  nerves,  and  the  pos- 

*  In  disease  of  the  nerve-roots  of  the  cauda  equina  there  is  always  ascending 
degeneration  of  the  posterior  median  columns,  but  not  of  the  antero-lateral  ascend- 
ing tract.  1  have  recently  had  an  opportunity  of  ascertaining  this.  Hence  the 
root-fibres  from  which  the  path  is  continued  by  this  tract  must  end  in  nerve-cells  in 
the  posterior  cornua,  and  the  degeneration  of  this  tract  in  tabes  is  proof  of  the 
degeneration  of  these  sensory  cells.    See  the  '  Lancet,'  June  19,  1886. 

f  lE.g.  its  loss  after  diphtheria  when  there  are  no  other  symptoms. 
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terior  columns  of  the  cord  are  free  from  disease.*  Those  two  facte, 
taken  together,  seem  to  show  that  the  ataxy  may  be  produced  by  one 
mechanism,  even  operating  alone,  the  disease  of  the  sensory  muscle- 
nerves.  If  the  loss  of  the  Icnee-jerk  in  tabes  is  to  be  taken,  as  I 
believe  it  mav,  as  an  indication  of  the  disease  of  these  nerves,  the  con- 
stancy  of  the  loss  shows  the  constancy  of  the  presence  of  this  element 
in  some  degree.  As  just  stated,  a  very  slight  degree  of  disease  may 
abolish  the  knee-jerk;  it  is  probable  that  a  considerable  degree  is 
needed  to  cause  inco-ordination. 

In  unilateral  lesions  of  the  spinal  cord,  as  we  have  already  seen  (p. 
157),  there  may  be  loss  of  the  sense  of  posture,  with  intact  cutaneous 
sensibihty,  on  the  side  of  the  lesion,  and  no  loss  of  this  sense  on  the 
opposite  side,  on  which  cutaneous  sensibility  is  lost.  In  such  a  case 
marked  ataxy  has  been  observed  on  the  side  on  which  the  sense  of 
posture  was  lost,  when  motor  power  returued.f  Whatever  effect  in 
causing  ataxy  is  produced  by  disease  of  the  path  of  muscular  sensi- 
bility in  the  spinal  cord  must  also  be  produced  by  interruption  of  the 
path  between  the  muscles  and  the  cord.  The  latter  must  also  arrest 
whatever  reflex  action  depends  upon  these  muscle-nerves,  J  and  it  is 
possible  that  such  reflex  action  takes  some  part  in  the  mechanism  of 
muscular  co-ordination. 

In  this  connection  it  is  important  to  note  that  the  fibres  that  pass 
up  by  the  posterior  median  columns  probably  constitute  the  path  from 
these  nerves.  The  root-fibres  to  the  columns  seem  to  pass  up,  as  the 
path  is  proved  to  do,  without  decussating,  and  they  may  be  diseased 
in  intense  degree  when  there  is  no  loss  of  cutaneous  sensibility.  This 
tract  is  affected  in  almost  all  cases  of  tabes  in  which  there  is  a  lesion 
in  the  cord,  and  in  all  such  cases  in  which  there  is  ataxy.  This 
fact  suggests  that  the  lesion  of  the  root-fibres  is  first  and  chiefly  of 
those  from  the  muscles.  § 

The  posterior  median  columns  (extensively  connected  with  the  cere- 

*  Apart  from  the  evidence  of  this  from  cases  of  true  tabes,  a  very  instructive  case 
has  been  recently  recorded  by  Dr.  Hughes  Bennett,  in  which  all  the  symptoms  of 
tabes  were  present  in  a  case  of  multiple  tumours  of  the  posterior  nerve-roots 
(•  Clinical  Soc.  Transactions,'  vol.  xviii). 

t  Gilbert;  see  footnote,  p.  157. 

J  In  a  case  in  which  the  inco-ordination  was  much  greater  in  the  right  leg  than 
in  the  left,  and  cutaneous  sensibility  was  equally  impaired  in  the  two,  a  strong  trac- 
tion on  the  calf-muscles,  by  forcible  passive  flexion  of  the  foot,  produced  a  distinct 
sensation  in  the  extended  muscles  of  the  left  leg,  and  no  sensation  in  those  of  the 
right.  In  another  case,  in  which  the  skin  was  sensitive  to  the  slightest  touch,  the 
patient  was  unconscious  of  a  vigorous  extension  of  the  toes  produced  by  faradaic 
stimulation  of  their  short  extensor.  This  tract  is  most  disensed  on  the  side  opposite 
to  that  on  which  there  is  most  degeneration  of  the  antero-lateral  ascending  tract, 
which  probably  conducts  sensations  of  pain.  ' 

§  The  opinion  that  the  ataxy  depends  on  impairment  of  the  muscular  sense  was 
put  forward  in  1855  by  Dr.  Russell  Eeynolds;  see  p.  288.  Deje.ine  has  also  asso- 
ciated the  ataxy  with  the  degeneration  of  the  peripheral  sensory  muscle-nerves 
('  Archives  de  Physiologic,'  3rd  series,  vol.  iii,  p.  231). 
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bellmn)  and  the  direct  cerebellar  tract  probably  conduct  to  the  cere- 
bellum the  impressions  from  the  sensory  muscle-nerves.  If  so,  the 
disease  of  these  tracts  and  nerves  must  interfere  with  the  co-ordinating 
action  of  the  cerebellum  and  cause  some  part  of  the  loss  of  function 
which  results  from  disease  of  the  cerebellum  itself. 

There  is  another  mechanism  which  may  co-operate  in  increasing 
ataxy.  The  vertical  fibres  of  the  postero-external  column  have  only 
a  short  course,  and  some , probably  connect  the  posterior  grey  matter 
at  adjacent  levels.  The  affection  of  these  fibres  seems  to  be  proved 
by  the  interesting  fact  ah'eady  mentioned  (Fig.  114)  that  the  comma- 
shaped  bundle  of  fibres  in  the  front  of  the  post.-exterual  column  may 
be  specially  degenerated.  This  lesion  may  impair  the  association 
of  the  sensory  structures,  and  so  cause  a  want  of  harmony  in  the 
central  mechanism.  The  theory  that  the  ataxy  was  due  to  this 
cause  was  advanced  by  Todd  in  1847.  It  is  not  probable  that,  if 
effective,  it  has  more  than  an  intensifying  influence,  since  ataxy  may 
exist  when  the  posterior  columns  are  throughout  unaffected. 

Although  cutaneous  anaesthesia  cannot,  alone,  produce  ataxy  it  may 
reasonably  be  assumed  to  increase  that  which  already  exists.  Sensa- 
tions from  the  skin  furnish  important  guidance  to  the  motor  cerebral 
centres,  and  are  probably  also  concerned  in  such  reflex  muscular  actions 
as  that  of  standing.  Similar  guidance  to  the  cerebral  co-ordinating 
centres  is  also  afforded  by  visual  impressions,  the  loss  of  which 
distinctly  augments  the  defect  of  co-ordination. 

The  varying  characters  of  the  ataxy  in  different  cases  probably 
depend  on  the  local  variations  in  the  degree  of  change  in  the  muscle- 
nerves.  If,  as  Flechsig  believes,  the  direct  cerebellar  tract  conducts 
impressions  from  the  trunk-muscles,  its  disease  may  produce  the 
trunk-ataxy  described  on  p.  293.* 

It  is  thus  probable  that  co-ordination  is  chiefly  an  automatic  process, 
depending  partly  perhaps  on  muscle-reflex  actions,  and  on  the  connection 
of  neighbouring  sensory  structures  in  the  spinal  cord,  but  chiefly  on  the 
function  of  the  cerebellum  itself,  and  the  connection  of  the  muscles 
with  it,  and  that  the  interruption  of  this  connection  is  the  chief  element 
in  the  inco-ordination  of  locomotor  ataxy.  It  is  probable  also  that 
the  automatic  processes  are  in  part  under  cerebral  control,  guided 
by  sensory  impressions  which  do  enter  the  sphere  of  consciousness, 
and  that  the  derangement  of  this  control  will  intensify  inco-ordination, 
though  incapable  of  producing  it.  We  do  not  at  present  know  to  what 
extent,  in  any  given  case,  the  symptoms  are  due  to  the  cord  disease  or 
to  the  peripheral  nerve  lesion.  Apparently  pains,  ataxy,  and  anaesthesia 
may  be  due  to  either.  The  question  can  only  be  decided  by  the 
comparison  of  symptoms  and  pathological  changes  in  a  large  number 

*  As  already  mentioned,  the  fibres  in  the  posterior  vesicnlar  columns  may  be 
degenerated  when  the  cells  suffer  but  little,  and  the  fibres  from  this  column  to  the 
direct  cerebellar  tract,  and  this  tract  itself,  are  unaffected.  Hence  the  function  sub- 
served by  this  tract  may  be  lost,  from  the  peripheral  degeneration  of  the  fibres  to  the 
vesicular  column,  when  the  tract  itself  is  not  diseased. 
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of  cases.  That  anaesthesia  may  be  due  to  the  peripheral  changes 
is  proved  by  the  observed  correspondence  of  the  two  in  distribution 
(Dejerine). 

The  trophic  changes  in  the  skin,  bones,  and  joints  are  probably  due 
to  the  process  of  degeneration  in  the  peripheral  nerves.  The  degenera- 
tion has  been  found  in  all  cases  of  the  kind  in  which  it  has  been  looked 
for,  and  found  also  in  the  nerves  of  diseased  joints. 

The  pains  in  the  region  of  the  fifth  nerve  sure  explained  by  the  lesions 
in  its  root,  especially  in  its  ascending  root,  which,  coming  up  from  the 
medulla,  is  homologous  with  the  posterior  spinal  roots.  This  nerve, 
indeed,  as  Pierret  has  pointed  out,  represents  the  sensory  roots  of 
almost  all  the  motor  cranial  nerves.  The  degeneration  of  the  optic 
nerve  is  fairly  comparable  with  that  of  the  peripheral  spinal  nerves. 
Considering  the  special  character  of  the  optic  nerve  the  absence  of 
degeneration  of  the  retina  does  not  seem  to  destroy  the  analogy  between 
the  two.  Eegarding  the  pathology  of  the  visceral  crises  we  know  but 
little.  The  changes  observed  by  Pierret  in  the  neighbourhood  of  the 
centre  for  the  pneumogastric  may  be  indications  of  the  cause  of  the 
disturbances  that  occur  within  the  range  of  this  nerve. 

The  transient  motor  symptoms  in  the  limbs,  and  in  the  eyeball- 
muscles  are  apparently  of  functional  origin.  They  must  be  dis- 
tinguished from  the  lasting  palsies  which  are  probably  due  to  degene- 
rative processes.  Sclerosis  of  the  third  nerve  has  been  observed,  and 
the  loss  of  function  of  the  internal  ocular  muscles  must  be  ascribed  to 
degeneration  of  the  related  centres  in  the  nucleus  of  the  third  nerve.  In 
the  account  of  the  diseases  of  this  nerve  they  are  more  fully  described. 

DiAQNOsis.— The  diagnosis  of  tabes  rests  on  the  combination  of 
symptoms  already  described.    In  the  early  stage,  the  loss  of  the  knee- 
jerk,  together  with  pains,  or  unsteadiness  on  standing  with  the  feet 
together  and  the  eyes  closed,  justifies  a  diagnosis  of  the  commencing 
affection,  provided  we  can  exclude  diabetes,  diphtheritic  palsy,  and 
also  a  lesion  of  the  anterior  cornua  or  nerve-roots  by  the  absence  of 
wasting  of  the  muscles  and  change  in  their  irritability.    The  dia- 
gnostic value  of  the  loss  of  the  knee-jerk  can  hardly  be  overrated  It 
IS  probably  never  absent  in  health.    If  there  is  doubt  as  to  its  loss 
the  precautions  recommended  on  p.  11  should  be  adopted.    When  it 
is  lost  and  reflex  action  is  in  excess,  a  true  reflex  movement  may  some- 
times simulate  the  jerk;  the  distinction  is  that  the  tap  sometimes 
causes  a  movement  and  sometimes  does  not ;  that  an  interval  brief 
but  appreciable,  elapses  before  the  movement  occurs;  and  that  a 
similar  movement  is  caused  by  a  prick  on  the  skin.    In  cases  in  which 
the  knee-jerk  is  present,  the  diagnosis  of  tabes  is  only  justified  by 
distinct  and  characteristic  incoordination.    In  the  few  cases  of  this 
kind  that  have  come  under  my  own  observation,  the  knee-jerk  has 
been  either  unequal  on  the  two  sides,  or  has  been  lost  on  one.  Such 
abnormality  is  probably  the  rule  in  these  cases,  and  the  diagnosis  is 
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thus  facilitated.  In  a  case  with  lightning  pains,  but  neither  inco- 
ordination nor  loss  of  knee-jerk,  a  suspicion  of  tabes -would  only  be 
justified  by  the  presence  of  some  other  symptom,  such  as  retention  or 
incontinence  of  urine,  loss  of  sexual  power,  or  loss  of  the  iris-reflex. 

The  last-named  sign  is  of  great  diagnostic  importance.  Its  signi- 
ficance is  that  a  degenerative  process  is  at  work  in  the  nervous 
system,  and  it  suggests,  'therefore,  that  other  symptoms  are  also  due 
to  degeneration.  But  since  the  iris-reflex  is  not  always  lost  in  tabes, 
the  negative  significance  of  a  normal  reflex  is  far  less  than  is  the  posi- 
tive significance  of  its  loss.  The  practical  value  of  this  symptom  can 
hardly  be  overrated.  It  puts  the  observer,  so  to  speak,  on  the  track 
of  nerve  degeneration. 

There  are  certain  diseases  with  which  tabes  is  especially  liable  to 
be  confounded.  One  of  these  is  multiple  alcoholic  neuritis.  The 
ordinary  form  of  this  disease  is  readily  distiogaished  by  the  symme- 
trical paralysis  which  is  its  chief  manifestation.  In  the  rare  variety 
of  alcoholic  nerve  degeneration  which  closely  resembles  locomotor 
ataxy  in  its  symptoms,  "  alcoholic  pseudo-tabes"  (p.  98),  the  diagnosis 
may  be  very  difficult.  The  "disease,  moreover,  resembles  tabes  patho- 
logically since  the  lesion  is  a  "parenchymatous  neuritis,"  subacute 
degeneration,  beginning  in  the  nerve-fibres.  It  often  affects,  however, 
in  some  degree  the  motor  as  well  as  the  sensory  nerves,  and  there  is 
then  some  weakness  in  the  distal  portions  of  the  limbs.  An  altered 
electrical  reaction  may  be  found  in  the  muscles,  and  there  is  generally 
marked  muscular  tenderness,  scarcely  ever  present  in  tabes.  The  pupils 
act  normally,  but  this  is  not  an  absolute  distinction,  since  they  may  be 
unaffected  in  tabes.  A  history  of  alcoholism  also  helps  the  diagnosis. 
By  attention  to  all  these  points,  a  diagnosis  can  generally  be  made 
without  much  difficulty.  In  rare  cases,  without  motor  symptoms,  it 
may  be  impossible  (see  p.  100). 

When  the  symptoms  and  lesion  of  tabes  are  combined  with  those 
of  general  paralysis  of  the  insane,  it  may  be  doubtful  in  which  cate- 
gory a  case  should  be  placed.  The  question  is  rather  one  of  the  pre- 
ponderance of  the  symptoms  of  one  or  the  other  malady  than  of 
absolute  distinction  between  them.  In  most  cases,  however,  in  which 
this  combination  exists,  the  symptoms  of  general  paralysis  become 
more  pronounced  as  time  goes  on,  and  the  spinal  symptoms,  which  at 
first  were  the  most  conspicuous,  pass  into  the  background. 

All  common  forms  of  paraplegia  are'  distinguished  by  the  early 
loss  of  power,  and  by  the  persistence  of  the  knee-jerk,  often 
emphasised  by  its  excess  and  by  the  occurrence  of  a  clonus  in  the 
rectus  or  the  calf-muscles.  If  weakness  supervenes  in  tabes,  it  is 
usually  late  in  the  course  of  the  disease,  and  the  other  symptoms 
have  been  and  are  well  marked.  If  the  knee-jerk  has  been  once 
lost  m  this  disease,  it  is  not  reproduced  by  secondary  lesions  of 
the  cord  which  ordinarily  increase  the  knee-jerk.  The  same  distinc- 
tions usually  suffice  for   the   diagnosis  from  the  combined  form 
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of  panilysis  and  inco-ordination  that  I  have  termed  "ataxic  para- 
plegia." In  this  there  is  always  an  excessive  knee-jerk  and  a  foot- 
clonus,  pains  and  anaesthesia  are  absent,  and  spasm  supersedes  ataxy. 
The  diagnosis  between  the  two  maladies  can  be  better  discussed  when 
this  disease  has  been  described.  In  other  forms  of  combined  disease 
of  the  cord,  those,  for  instance,  in  which  the  symptoms  of  tabes  are 
associated  with  indications  of  multiple  sclerosis  or  of  progressive  mus- 
cular atrophy,  the  diagnosis  depends  on  the  recognition  of  union 
rather  than  on  the  distinction  of  difference. 

Acute  lesions  of  the  cord,  probably  situated  in  the  postero-external 
column,  may  produce  inco-ordination  and  pain,  but  the  suddenness  of 
the  onset,  the  limitation  of  the  symptoms,  and  their  tendency  to  subside, 
usually  suffice  for  the  distinction.  Symptoms  from  this  cause  are  far 
more  common  in  the  arms  than  in  the  legs.  Ataxy  in  one  limb  may 
also  be  produced  by  a  tumour  growing  in  the  posterior  column,  but 
other  symptoms  soon  indicate  the  tendency  of  the  disease  to  invade 
the  other  elements  of  the  cord.  AU  these  cases  present  the  charac- 
teristics of  a  focal  lesion  with  random  consequences,  rather  than  of  a 
system-disease  with  limitation  to  special  function. 

In  cases  of  diphtheritic  paralysis  iii  which  the  nature  of  the  sore- 
throat  was  not  recognised,  the  loss  of  the  knee-jerk  may  cause  tabes  to 
be  suspected,  but  weakness  is  usually  distinct  from  the  first.  The  danger 
of  a  mistake  is  greater  in  the  rare  cases  in  which  inco-ordination  is  the 
chief  symptom ;  and  the  persistence  of  ataxy  may  cause  an  impression 
that  the  malady  is  really  tabes,  even  if  its  relation  to  diphtheria  is 
recognised.  The  paralysis  of  accommodation  and  of  the  palate  which 
almost  always  precedes  the  ataxy,  and  often  passes  away  as  the  latter 
develops,  afford  sufficient  proof  of  the  nature  of  the  spinal  symptoms. 
Pains  are  absent  or  trifling  and  there  is  usually  some  weakness  in  addi- 
tion to  the  ataxy.  True  tabes  never  follows  diphtheria,  and  the  mere 
sequence,  therefore,  affords  proof  of  the  nature  of  the  case,  and  assurance 
that  the  symptoms  will  not  be  permanent,  however  long  they  persist. 

In  the  cases  in  which  the  dorsal  region  of  the  cord  is  chiefly  affected 
the  nature  of  the  disease  is  often  not  recognised.  The  severity  of  the 
pains  m  the  trunk  may  lead  to  a  suspicion  of  disease  of  the  bones,  but 
the  two  are  distinguished  by  the  special  symptoms  of  each  disease  and 
also  by  the  absence  in  tabes  of  the  increase  of  pain  when  the  patient 
moves,  characteristic  of  bone  disease,  and  by  the  fact  that  the  tabetic 
pams  are  wide  m  distribution  and  variable  in  seat,  while  the  pain  of 
bone  disease  is  local  and  constant.  Such  cases  are  sometimes  also 
mistaken  for  neuralgia  of  the  intercostal  nerves,  but  even  if  there  are 
no  pams  m  the  legs,  the  knee-jerk  is  lost.  A  careful  examination 
will  generally  reveal  some  loss  of  sensibility  in  the  regions  in  which  the 
pams  are  felt ;  and  the  light  reflex  of  the  iris,  so  commonly  lost  in 
tabes,  is  present  in  all  functional  diseases  with  which  tabetic  pains  may 
be  confounded. 

The  only  organic  intracranial  disease  the  symptoms  of  which  present 
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any  likeness  to  those  of  tabes  is  tumour  of  the  cerebellum.  In  some 
cases  of  tabes  the  unsteadiness  bears  considerable  resemblance  to  that 
of  cerebellar  origin.  Loss  of  the  knee-jerk  is  strongly  in  favour  of 
tabes ;  although,  in  some  cases  of  cerebellar  tumour,  it  is  said  to  be 
lost,  it  is  much  more  commonly  increased.  Anaesthesia  and  lightning 
pains  are  conclusive  evidence  of  the  spinal  disorder,  while  in  cerebellar 
tumour  severe  occipital  headache  is  almost  invariable,  and  considerable 
optic  neuritis  is  extremely  common.  Optic  nerve  atrophy  is  only  second- 
ary to  neuritis,  and  loss  of  the  reflex  action  of  the  iris  to  loss  of  sight. 

The  various  visceral  crises  are  often  mistaken  for  primary  disorders 
of  the  deranged  organs.  Recurring  attacks  of  the  character  described 
should  always  arouse  suspicion  of  their  possible  tabetic  nature,  and  an 
examination  of  the  knee-jerk  will  usually  decide  the  point.  Errors  in 
diagnosis  are  usually  due  to  ignorance  of  the  occurrence  of  these 
visceral  symptoms. 

Peognosis. — The  prognosis  in  tabes  corresponds  with  the  facts 
stated  as  to  the  course  of  the  disease.    It  is  not,  as  was  once  thought, 
uniformly  bad.    Arrest  is  frequent,  considerable  improvement  is  not 
rare,  but  perfect  recovery  scarcely  ever  takes  place.    The  earlier  the 
stage  of  the  disease,  the  better  is  the  prognosis.    In  the  first  stage  the 
chances  are  in  favour  of  arrest.    When  ataxy  is  developed,  the  pro- 
spect of  arrest  is  less  than  in  the  first  stage,  but  is  still  considerable. 
One  patient  came  under  my  care  fourteen  years  ago  with  distinct 
inco-ordination,  which  is  no  greater  now  than  it  was  then.  Occa- 
sionally, even  in  the  typical  form  of  the  disease,  the  amount  of 
improvement  is  very  great.    One  patient  was  scarcely  able  to  walk 
across  the  room,  in  consequence  of  the  inco-ordination,  when  he  came 
under  treatment,  and  at  the  end  of  six  months  his  gait  was  scarcely 
distinguishable  from  that  of  a  healthy  person.    When  the  third  stage 
is  reached  the  possibility  of  improvement  is- far  less,  but  is  not  quite 
absent.    A  woman  suffering  from  pure  tabes,  when  admitted  to 
hospital,  had  been  unable  even  to  stand  for  six  months,  on  account  of 
the  extreme  ataxy,  but  she  improved  so  much  that  in  a  few  months 
she  was  able  to  walk  about  the  room  without  help,  and  has  continued, 
now  for  six  years,  to  do  her  household  work  without  difficulty,  and 
even  to  walk  some  miles  with  the  aid  of  a  stick.    But  in  the  cases 
that  present  most  improvement  all  the  symptoms  of  the  disease 
scarcely  ever  disappear.    I  have  only  known  in  one  case  the  knee-jerk 
to  return,  and  in  this  patient  the  disease  had  not  passed  the  first  stage, 
although  the  diagnosis  was  certain.    It  is  difficult  to  find  any  trust- 
worthy indications  to  guide  the  prognosis  in  an  individual  case.  The 
fact  of  preceding  syphilis  influences  the  prognosis  only  in  one  condi- 
tion, when  the  symptoms  develop  rapidly  and  the  patient  is  seen  soon 
after  their  onset,  and  especially  when  they  occur  within  two  years  of 
infection.    In  some  cases  of  this  kind  anti-syphilitic  treatment  does 
great  good.    Even  in  these,  improvement  cannot  be  confidently  anti- 
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cipated.  I  have  seen  some  oases  of  this  character  in  which  no  benefit 
resulted  from  the  treatment.  In  most  cases  the  only  trustworthy 
guide  to  prognosis  is  the  observed  tendency  of  the  individual  case. 

Of  sjjecial  symptoms,  the  pains  are  often  the  most  distressing,  and 
unfortunately  they  are  the  most  obstinate  symptom  of  the  disease. 
They  may  persist  in  undiminished  severity  when  other  symptoms 
lessen,  and  on  the  other  hand  they  may  become  trifling  when  the 
disease  increases.  Diminution  of  the  pain  is  a  good  sign  if  other 
symptoms  are  stationary,  but  not  if  they  increase.  The  optic  nerve 
atrophy  is  usually  progressive,  but  not  so  uniformly  as  is  often  asserted. 
In  a  few  cases  I  have  known  its  progress  to  be  permanently  arrested. 
Strange  to  say,  the  occurrence  of  optic  nerve  atrophy  makes  the  pro- 
gnosis as  to  the  spinal  symptoms  better ;  in  most  cases  of  atrophy  the 
spinal  lesion  remains  in  the  first  stage. 

Treatment. — It  is  important,  in  every  case,  that  all  influences 
likely  to  depress  the  nervous  system  should  be  avoided.  Excessive 
mental  work  and  anxiety  are  most  prejudicial.    Physical  fatigue  is 
also  harmful.    In  severe  and  acute  cases,  absolute  rest  for  a  week  or 
two  is  often  useful  at  the  onset  of  treatment.    If  the  patient  walks 
about,  exercise  should  always  stop  short  of  fatigue.    Care  should  be 
taken  to  avoid  the  risk  of  falls ;  a  severe  concussion  of  the  spine  will 
sometimes  excite  to  fresh  activity  a  stationary  disease.    Exposure  to 
cold  is  also  injurious ;  a  severe  exposure  may  cause  acute  miscbief . 
If  practicable  it  is  well  that  the  winter  should  be  spent  in  a  warm  and 
dry  climate.  A  sea  voyage  is  frequently  useful,  combining,  as  it  does, 
a  maximum  of  fresh  air  with  a  minimum  of  exertion.    If,  however, 
there  is  much  ataxy,  the  risk  of  falls  from  the  motion  of  the  ship  must 
be  taken  into  consideration;  it  is  less  than  might  be  anticipated.  A 
sea  voyage  is  especially  useful  in  cases  that  are  already  stationary ; 
such  patients  often  return  with  a  diminution  in  all  their  symptoms. 
When  the  disease  is  advancing,  the  influence  of  a  voyage  is  less  fre- 
quently distinct.    The  digestive  organs  should  be  kept  in  careful 
order ;  an  attack  of  indigestion  or  constipation  is  often  attended  by 
lightning  pains,  which  cease  when  an  aperient  has  acted.    Food  should 
therefore  be  light  in  quahty  and  easily  digestible.    The  change  from 
an  active  to  an  inactive  life,  which  tabes  often  causes,  may  lead  to  the 
development  of  gout  in  an  individual  predisposed  to  it,  either  by 
inheritance  or  by  his  previous  mode  of  life,  and  the  tendency  must,  as 
far  as  possible,  be  obviated  by  regulation  of  diet  and  by  frequent 
aperients.    Smoking  should  be  either  avoided  or  limited  to  a  small 
amount.    Alcoholic  excess  is- especially  harmful;  it  sometimes  excites 
a  very  severe  exacerbation  of  the  symptoms,  and  tbis  is  not  surprising, 
since,  as  we  have  seen,  chronic  alcoholism  may  cause  a  disease  resem- 
bling tabes  in  its  symptoms  and  pathology.    Sexual  excess  is  also 
most  injurious.    Many  patients  are  preserved  from  this  danger  by  the 
disease  itself,  but  it  is  not  always  so.    Excess  seems  to  have  a  special 
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influence  on  the  optic  nerve  atrophy.  Several  very  painful  instances 
of  this  have  come  under  my  notice.  A  man  in  the  early  stage  of  tabes, 
with  slight  atrophy,  some  peripheral  limitation  of  the  fields,  but  little 
impairment  of  acuity  of  vision,  started  on  a  voyage  from  Australia  to 
England.  The  day  before  he  started  he  married,  and  the  marriage  had 
its  common  sequel.    When  he  reached  this  country  he  was  quite  blind. 

Drugs  have  certainly  some  influence  on  the  disease,  but  it  is  rarely 
sufficient  to  check  the  morbid  tendency  when  this  is  very  active. 
Moreover,  the  influence  of  drugs  is  vai-iable ;  that  which  seems  to  do 
much  good  in  one  case  has  no  influence  on  another,  and  this  is  true 
also  of  the  same  case  at  different  periods.    Hence  the  therapeutic 
statements  that  have  been  made  by  various  observers  are  somewhat 
discordant.    The  first  question  in  the  treatment  of  any  disease  that  is 
related  to  syphilis,  is  the  influence  of  anti-syphilitic  agents.    In  tabes 
such  influence  is  distinct  only  in  rare  cases,  chiefly  under  the  con- 
ditions mentioned  in  the  section  on  prognosis.     In  those  circum- 
stances, full  doses  of  iodide  of  potassium  should  be  given,  and, 
if  the  interval  since  the  primary  disease  is  short,  mercury  may  be 
rubbed  in  until  the  gums  are  slightly  affected.    In  cases  of  slow 
development,  several  years  after  primary  syphilis,  iodide  seldom  does 
good.    Still,  in  rare  cases,  improvement  follows  its  administration, 
and  therefore  (as  well  as  to  clear  the  therapeutic  ground)  it  is 
desirable  to  let  the  patient  take  iodide  of  potassium,  if  he  has  not 
already  done  so,  in  doses  not  exceeding  thirty  grains  a  day,  for  six  or 
eight  weeks.    Very  small  doses  of  mercury,  such  as  -^^th.  grain  of  the 
red  iodide,  may  also  be  given  for  a  longer  time,  and  may  often  be  con- 
veniently combined  with  other  drugs.    It  seems  sometimes  to  have  a 
tonic  influence,  and  perhaps  may  lessen  the  secondary  subinflam- 
matory  process  in  the  cord  and  pia  mater,  which,  as  we  have  seen, 
sometimes  constitutes  part  of  the  morbid  process.    But  in  such  late 
cases,  and  in  all  the  late  nerve  degenerations  that  follow  syphilis, 
energetic  mercurial  treatment  only  does  harm.    Its  depressing  influ- 
ence often  increases  the  degenerative  tendency,  and  hastens  the  pro- 
gress of  the  disease.    I  have  seen  several  such  cases  in  which  an 
energetic  course  of  mercurial  treatment,  at  Aix-la-Chapelle  for  instance, 
had  an  effect  which  was  simply  disastrous. 

Of  drugs  that  have  been  recommended  for  tabes,  those  that  are 
most  useful,  in  the  order  of  their  value,  according  my  own  experience, 
are  arsenic,  iron,  quinine,  nux  vomica,  nitrate  of  silver.  Calabar  bean, 
belladonna,  ergot,  phosphorus.  Of  these  arsenic  is  cei-tainly  that 
which  most  frequently  does  distinct  good.  Most  of  the  cases  in  which 
I  have  known  the  greatest  improvement  to  occur  have  been  taking 
it  at  the  time.  In  several  of  these  cases  there  was  no  other  change 
in  the  conditions  of  life  to  which  the  improvement  could  be  ascribed. 
The  form  in  which  arsenic  is  given  matters  little;-*  lil.v  or  mx  of 
the  Liq.  Arsenicalis  may  be  given  in  mixture,  or  -^-^th  gr.  of  arseniate 
of  soda  in  a  pill.    Iodide  of  arsenic  has  no  special  advantage,  and  is 
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not  so  well  borne.  This  or  any  other  drug  must  be  continued  for  at 
least  two  months  before  an  opinion  of  its  influence  can  be  formed. 
Rapid  improvement  can  never  be  expected  in  so  chronic  a  disease. 
In  connection  with  the  influence  of  arsenic,  it  is  interesting  to  note 
the  well-known  effect  of  the  drug  in  improving  the  nutrition  of  the 
skin,  and  the  frequency  with  which  the  cutaneous  nerves  are  degene- 
rated in  tabes.  Quinine,  nux  vomica,  or  iron  may  be  conveniently 
combined  with  arsenic.  Nitrate  of  silver  is  far  less  useful,  but  it  may 
sometimes  be  given  with  advantage  alternately  with  arsenic.  It  should 
not  be  given  in  lai^r  quantity  than  half  a  grain  a  day,  nor  continued 
for  a  longer  period  at  a  time  than  two  or  three  months.  A  grain  a 
day  has  been  said  to  cause  fatal  kidney  disease,  and  I  have  seen  a 
case  in  which  a  still  smaller  dose  taken  daily  for  a  long  time  caused 
both  wrist-drop  and  albuminuria. 

Calabar  bean  has  been  recommended  by  Einger  as  producing 
temporary  improvement  in  many  chronic  spinal  diseases.  Its 
influence  is  not  great,  but  it  seems  to  do  no  harm.  Ergot  is  rarely 
useful  in  chronic  diseases  of  the  cord,  and  it  is  difficult  to  under- 
stand the  estimation  in  which  it  has  been  held  in  the  treatment  of 
tabes.  It  may  perhaps  have  some  influence  on  the  dilated  vessels 
that  are  to  be  seen  in  many  cases,  and  may  therefore  be  given  in  the 
cases  in  which  spinal  pain  suggests  congestion  of  the  membiunes,  or 
in  which  an  acute  exacerbation  of  the  symptoms,  or  their  extension 
beyond  the  special  tabetic  limits,  makes  it  probable  that  there  is  a 
secondary  subinfla,mmatory  process.  Some  years  ago  I  gave  gold  a 
careful  trial,  but  without  obtaining  any  satisfactory  results. 

Counter-irritation  to  the  spine,  by  blisters  or  the  actual  cautery,  is 
sometimes  useful,  chiefly  in  cases  just  mentioned,  in  which  the  disease 
develops  rapidly,  or  the  symptoms  rapidly  increase,  or  in  which  there 
is  spinal  pain  or  tenderness.  It  is  not  probable  that  it  influences  the 
process  of  degeneration,  but  it  may  lessen  any  secondary  inflammation. 

Of  special  symptoms  that  require  treatment  the  pains  are  most 
important.  Unfortunately  they  are  often  most  obstinate,  and  their 
variability  renders  it  very  difficult  to  estimate  the  influence  of  treat- 
ment upon  them.  Severe  paroxysms  may  yield  only  to  hypodermic 
injections  of  morphia,  but  this  should  be  reserved  for  the  most  intense' 
attacks,  since  its  use  is  undesirable  for  a  recurring  symptom  which 
may  continue  for  years.  Among  other  sedatives,  Indian  hemp  is  often 
effective  ;  gr.  }  or  |  should  be  given  every  three  or  four  hours  during  a 
paroxysm.  Other  sedatives  are  of  little  use.  Hypodermic  injections  of 
cocain  are  uncertain  in  their  influence  on  tabetic  pains,  but  sometimes 
relieve  the  local  pain  that  is  accompanied  with  hyperesthesia.  The 
only  external  application  that  is  of  service  is  chloroform  sprinkled  on 
spongio-piline  (or  lint  and  oiled  silk),  but  this  relieves  only  the  super- 
ficial pain.  Occasionally  the  pains  are  lessened  by  a  warm  bath. 
Counter-irritation  to  the  spine,  as  by  repeated  sinapisms,  sometimes 
gives  some  relief,  but  probably  only  when  the  pain  has  a  spinal  origin. 
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Visceral  symptoms  rarely  yield  to  special  treatment;  when  severe 
morphia  alone  mitigates  their  intensity.  Slight  gastric  crises  may  be 
relieved  by  simultaneous  sinapisms  to  the  epigastrium  and  neck. 
Laryngeal  spasm  is  usually  at  once  relieved  by  nitrite  of  amyl;  and 
the  local  application  of  cocain  is  also  useful.  For  weakness  of  the 
bladder,  nux  vomica,  or  strychnia  is  the  most  useful.  The  latter  may 
be  given  by  hypodermic  injection,  as  recommended  in  the  chapter  on 
muscular  atrophy.  Nocturnal  passage  of  urine  is  often  stopped  by 
belladonna. 

If  blisters  or  sores  form  on  the  feet  they  should  receive  careful  local 
treatment  until  they  are  well.  If  neglected  they  may  become  very 
troublesome.  Tabetic  patients  should  be  cautioned  never  to  cut  a  corn  ; 
perforating  ulcer  is  often  set  up  by  a  corn  being  cut  too  deeply.  The 
epidermis  should  be  softened  with  an  alkali  and  rubbed  off  with 
pumice  stone. 

Attention  to  the  bladder  is  one  of  the  most  important  elements  in  the 
treatment  of  tabes,  as  in  that  of  all  diseases  of  the  spinal  cord,  chronic 
and  acute.    If  there  is  any  reason  to  believe  that  the  bladder  is  imper- 
fectly emptied,  a  catheter  should  be  passed,  and  if  residual  urine  is 
found,  the  bladder  should  be  emptied  perfectly  and  washed  out  every 
day  or  every  other  day.    No  hesitation  need  be  felt  in  the  use  of  the 
catheter  in  these  cases.    Scores  of  patients  die  every  year  from  want 
of  the  catheter  because  it  is  thought  that  all  is  right  if  they  pass 
urine  freely.    The  residual  accumulation  or  the  slight  cystitis  sets  up 
chronic  pyelo-nephritis,  which  develops  insidiously,  and  is  unsuspected 
until  mysterious  febrile  disturbance  occurs,  chronic  or  acute,  and  leads 
to  death.    It  is  probable  that  the  onset  of  the  final  acute  disturbance 
is  sometimes  determined  by  the  passage  of  a  catheter,  just  as  this  will 
cause  a  rigor  or  transient  haematuria  in  a  healthy  person,  and  then  the 
case  is  called  "  catheter  fever."  I  have  seen  many  melancholy  instances 
of  death  from  this  cause,  which  might  have  been  prevented,  and  I  have 
never  seen  any  case  in  which  the  early  and  frequent  use  of  the  catheter 
did  harm.    It  is  especially  important  to  insist  on  the  danger  that  the 
practitioner  may  be  misled  by  the  patient,  who  thinks  that  because  he 
passes  urine  he  necessarily  empties  his  bladder. 

Electricity  has  little  influence  on  the  chief  symptoms  of  tabes.  The 
voltaic  current  is  powerless  over  either  the  pains  or  the  ataxy,  whether 
it  be  applied  to  the  spine  or  the  limbs.  Faradisation  of  the  skin  by 
the  wire  brush  has  been  recommended  for  the  defect  of  cutaneous 
sensibility,  but  it  has  little  if  any  influence.  When  the  bladder  or  its 
sphincter  is  weak,  faradisation  from  the  hypogastrium  to  the  peri- 
neum may  be  employed,  and  occasionally  seems  to  do  some  good.  In 
secondary  wasting  of  the  muscles,  an  attempt  may  be  made  to  main- 
tain their  nutrition  by  stimulating  them  with  whatever  current  they 
respond  to,  but  the  central  cause  usually  renders  local  treatment 
ineffective. 

There  remains  for  consideration  one  therapeutic  procedure,— nerve 
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stretching,  an  operation  that  has  usually  been  performed  on  the  sciatic 
nerve.  In  the  first  case  in  w^hich  it  was  employed  (by  Langenbuch), 
the  procedure  Avas  followed  by  remarkable  and  mysterious  imj^rove- 
ment,  not  only  in  the  pains,  but  also  in  the  inco-ordination.  The 
l^atient  subsequently  died  under  chloroform,  administered  in  order  that 
the  nerves  of  the  arms  might  be  stretched.  The  sj)inal  cord  was 
found  by  Westphal  to  be  healthy.  Although  the  nerves  were  not 
examined,  there  can  be  little  doubt  that  it  was  one  of  the  cases  in 
which  the  nerves  alone  are  diseased.  The  operation  has  since  been 
pei'formed  in  a  large  number  of  cases.  In  some  the  pains  have  been 
lessened  for  a  time  ;  in  a  few  there  has  been  some  temporary  improve- 
ment in  the  inco-ordination.  In  many  cases  the  procedure  has  had  no 
influence  on  the  symptoms.  If  ever  justified  it  is  only  as  a  last  resort, 
in  a  case  in  which  the  pains  are  very  intense,  and  are  especially  felt  in 
the  region  of  the  sciatic,  but  it  is  not  justifiable  in  any  case  to  hold 
out  an  expectation  of  more  than  possible,  and  perhaps  transient, 
relief  to  the  one  symptom.  It  must  be  remembered,  moreover,  that 
the  operation  is  not  devoid  of  danger  of  evil  results;  there  is  the 
risk  incidental  to  the  necessary  anaesthetic,  and  the  operation  has 
also  caused  death  through  the  agencies  of  erysipelas  and  spinal 
haemorrhage.  Its  modus  operandi  is  not  easy  to  explain,  and  the 
theories  that  have  been  advanced  to  account  for  its  influence  are 
so  inadequate  as  to  be  scarcely  worth  reproduction.  Its  common 
inutility  is  more  easily  intelligible.  It  would  seem  now  to  be  passing 
into  merited  disuse. 


PRIMARY  SPASTIC  PARAPLEGIA 
(primary  lateral  sclerosis). 

The  morbid  state  thus  designated  is  one  that  has  been,  and  still  is, 
the  subject  of  much  discussion.  Its  relations  are  complex,  and  a 
somewhat  lengthy  pathological  introduction  is  necessary. 

We  have  seen  that,  in  every  kind  of  transverse  lesion  of  the  spinal 
cord,  provided  this  is  situated  above  the  lumbar  enlargement,  the  para- 
lysis of  the  legs  is  soon  accompanied  by  excess  of  myotatic  irritability 
(increased  knee-jerk,  foot  clonus),  and  that  the  muscle-reflex  action, 
on  which  this  irritability  (and  muscular  tone)  seems  to  depend, 
gradually  increases  to  tonic  spasm,  so  that  a  condition  develops  to 
which  the  term  "  spastic  paraplegia  "  is  applied.  A  condition,  quite 
similar  to  that  which  is  thus  secondary  to  a  transverse  lesion,  often 
develops  gradually,  without  any  indication  of  a  primary  focal  disease, 
and  without  any  sensory  symptoms  to  indicate  that  the  mischief 
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extends  beyond  the  purely  motor  elements  of  the  cord.  We  have  also 
seen  that  these  symptoms  indicate  disease  of  the  upper  segment  of  the 
motor  path,  the  cortico-spinal  segment,  which  extends  from  the  motor 
cortex,  through  the  pyramidal  tracts,  and  ends  in  the  grey  matter  of 
the  cord,  doubtless  by  a  subdivision  and  ramification  of  the  nerve- 
fibres  in  the  fibrillary  network  of  the  spongy  substance.  From  the 
gradual  onset  and  limitation  of  the  symptoms  in  these  cases,  it  has  been 
assumed  that  the  disease  consists  of  a  primary  sclerosis  of  the  pyra- 
midal tracts,  i.e.  in  a  degeneration  of  the  fibres  of  this  upper  segment. 
Since  these  tracts  run  chiefly  in  the  lateral  columns,  the  disease  has  been 
termed  "  lateral  sclerosis."  The  clinical  features  presented  by  these 
cases,  and  their  probable  significance,  were  first  pointed  out  by  Erb.* 
Degeneration  of  the  pyramidal  tracts  had  indeed  been  previously 
observed,  by  Tiirck  (1856)  and  Charcot  (1865),  Erb's  inference  as  to 
the  nature  of  these  cases  was  supported  by  the  independent  (and 
indeed  previous)  researches  of  Charcot  on  cases  of  muscular  atrophy  ; 
he  showed  that  in  such  cases  muscular  rigidity  coincides  with  degene- 
ration of  the  pyramidal  tracts.  Pathologists  have  since  been  searching 
for  confirmation  of  the  hypothesis — for  evidence  that  the  symptoms,  in 
their  pure  form,  without  muscular  atrophy,  depend  on  degeneration 
limited  to  the  pyramidal  tracts.  Such  degeneration,  in  slight  degree, 
associated  with  slight  symptoms,  has  been  found  in  cases  of  general 
paralysis  of  the  insane  (by  Westphaland  others),  but  in  all  other  cases 
that  have  been  examined,  either  other  parts  of  the  white  substance 
have  been  degenerated,  or  the  disease  has  involved  also  the  anterior 
cornua.f  In  some  cases,  as  one  published  by  Dreschfeld  (of  which  a 
figure  is  given  at  another  page)  the  change  in  the  anterior  cornua  has 
been  slight,  so  that  the  required  conditions  are  nearly  but  not  quite 
fulfilled. 

Although  absolute  demonstration  has  not  yet  been  furnished,  the 
indirect  evidence  of  the  correctness  of  Erb's  hypothesis  is  very  strong, 
the  only  question  being  whether,  in  the  cases  in  which  there  is  no 
disease  of  the  motor  nerve-cells  of  the  anterior  cornu,  the  degenera- 
tion is  so  limited  to  the  pyramidal  tracts  as  to  constitute  a  system- 
disease  in  the  strict  sense  of  the  word.  It  is  not  surprising  that 
demonstration  of  the  nature  of  the  pure  cases  is  not  forthcoming, 
since,  as  we  shall  see,  the  disease  has  very  little  tendency  to  shorten 
life. 

Cases  that  present  the  same  group  of  symptoms  are  very  various  in 
nature.  We  have  seen  (p.  144)  that,  in  each  segment  of  the  motor  path, 
the  same  symptoms  are  produced  by  disease  of  any  part  of  the  segment. 
In  the  upper  segment,  with  which  we  are  now  concerned,  the  symjjtoms 
are  the  same,  whether  the  disease  is  in  the  cortex  of  the  brain,  the 

*  In  1875,  '  Berlin  klin.  Wochenschr.,'  No.  26  ;  1877,  '  Virchow's  Archiv,'  Bd.  70. 

t  In  a  case  recorded  by  Stofella  no  other  part  than  the  pyramidal  tracts  could 
be  seen  diseased  on  naked-eye  observation,  but  no  microscopical  examination  was 
made. 
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internal  capsule,  the  pyramids  of  the  medulla,  or  the  pyramidal  tracts 
of  the  cord  ;  and  they  must  also  be  the  same  if  the  disease  is  limited 
to  the  termination  of  the  segment  in  the  grey  matter  of  the  cord.  In 
cerebral  hemiplegia  the  state  of  the  arm  may  closely  resemble  that 
present  when  spastic  paraplegia  involves  the  arm.    The  leg  in  hemi- 
plegia presents  a  less  close  resemblance  to  its  condition  in  spinal 
disease,  because  the  leg  is  innervated  from  both  cerebral  hemispheres, 
and  the  supplementary  influence  of  the  hemisphere  of  the  same  side 
lessens  the  effect  of  the  disease  of  the  hemisphere  of  the  opposite  side. 
But  if  there  is  disease  of  the  leg  centres  in  both  hemispheres,  the 
state  of  the  legs  may  be  identical  with  that  resulting  from  disease  of 
the  spinal  cord.    Such  bilateral  disease  often  results  from  injury 
during  birth,— meningeal  haemorrhage  over  the  upper  part  of  the 
central  convolutions.    This  resulting  condition  is  termed  "  congenital  I 
spastic  paraplegia."*  I 

On  the  other  hand,  it  is  extremely  probable  that  degeneration  is 
sometimes  limited  to  the  termination  of  the  segment  in  the  grey  matter. 
This  is  probably  susceptible  of  isolated  disease,  just  as  the  correspond- 
ing termination  of  the  lower  segment  is  paralysed  alone  by  curara.  In 
such  disease  the  white  columns  would  be  found  normal. '  It  is  highly 
probable  that  this  was  the  pathological  condition  in  one  recorded 
case,  in  which  the  symptoms  of  spastic  paraplegia  existed  during 
life,  and  no  anatomical  change  was  discovered  after  death.  The 
detection  of  the  disease  of  the  terminal  portion  of  the  segment  in  the 
grey  matter  is  extremely  difficult,  perhaps  impossible,  because  the 
structure  must  consist  of  nerve-fibrillee  that  interlace  with  others 
that  are  unaffected.    In  other  cases,  some  degeneration  has  been 
found  m  the  lateral  pyramidal  tract  in  the  lumbar  region,  slighter 
however,  than  the  intensity  of  the  symptoms  suggested,  and  gradually 
lessening  or  even  ceasing  higher  up  the  cord.    Such  a  condition  is 
comparable  to  the  degeneration  of  the  lower  portion  of  the  second 
segment  of  the  motor  tract  in  some  cases  of  peripheral  (degenerative) 
neuritis,  m  which  there  is  a  degeneration  of  motor  nerve-fibres 
greatest  m  their  extremities,  extending  for  a  variable  distance  up  the 
nerves,  but  lessening  long  before  the  spine  is  reached. 

Both  clinical  and  pathological  evidence  shows  that  the  morbid  state 
olten  occurs  also  as  part  of  a  more  extensive  degeneration.  Degene 
ration  may  occur  in  both  lateral  and  posterior  columns,  giving  rise  to 
combined  paralysis  and  ataxy,  "  ataxic  paraplegia,"  sufficiently  definite 
m  Its  clmical  characters  and  course  to  make  its  distinction  convenient 
and  It  IS  therefore  separately  described.    The  following  account  of  the 
chnical  features  of  spastic  paraplegia  is  founded  on  cases  in  which  the  f 
motor  paralysis  and  spasm  existed  alone,  with  no  definite  sensory  loss  in  ' 
which  they  came  on  gradually,  with  nothing  in  the  state  of  the  patient  f 
*  Attention  was  called  to  these  infantile  cases  by  v.  Heine  as  early  as  1840  by 

for  8fi2"    ITM  r^^T'^T"''   "  '''''        '°  the  'Obstetrical  Transactions^ 
for  1862.    See  McNutt,  'Am.  Journal  of  Medical  Science,'  January,  1885. 
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or  the  history  of  his  symptoms  to  suggest  either  a  focal  lesion  or  an 
acute  process. 

Causes. — An  inherited  neuropathic  tendency  is  to  he  traced  occa- 
sionally in  this  as  in  other  chronic  spinal  diseases.  Thus  in  one  case 
there  was  a  history  of  insanity  in  uncle,  aunt,  and  two  cousins.  The 
disease  affects  hoth  sexes  in  ahnost  equal  frequency,  presenting  in  this 
a  contrast  to  posterior  sclerosis.  The  period  of  life  at  which  it  most  I 
frequently  begins  is  between  twenty  and  forty ;  about  three  quarters  | 
of  the  cases  begin  in  these  two  decades,  and  about  an  equal  number 
in  each.  Cases  frequently  commence,  however,  in  the  second  decade 
of  life,  chiefly  in  its  latter  portion.  After  forty  they  become  much 
less  common;  the  latest  age  at  which  I  have  known  a  typical  case 
to  commence  is  sixty-one. 

The  disease  sometimes  follows  syphilis  in  a  way  to  suggest  a  causal 
relation,  even  when  all  cases  are  excluded  in  which  there  is  any  reason 
to  suspect  a  focal  lesion.    In  one  case  the  symptoms  commenced  six 
months  after  the  primary  disease.*    But  this  antecedent  is  not  fre- 
quent, and  in  this  respect  also  the  disease  contrasts  wilh  posterior 
sclerosis.    Proximate  causes  are  to  be  traced  only  in  a  minority  of  the 
cases.    The  most  frequent  is  concussion  of  the  spine,  such  as  a  fall 
on  the  back.    Some  time,  often  two  or  three  years,  elapses  between 
the  fall  and  the  first  pronounced  symptoms  of  the  disease,  and  hence 
focal  lesions  due  to  the  fall  can  be  excluded.    Next  in  frequency 
is  repeated  exposure  to  wet  cold.    Very  rarely  the  symptoms  have 
slowly  followed  some  acute  illness.    In  several  cases  the  disease  has 
succeeded  prostration  after  childbirth  or  abortion,  or  has  commenced 
during  lactation.    In  one  case  an  attack  of  arthritis  in  the  knee  and 
ankle  of  one  leg  was  the  immediate  antecedent,  and  this  leg  was  the 
first  to  become  weak.    In  another  case  the  symptoms  followed  sub- 
acute arthritis  of  both  knee-joints,  apparently  rheumatic  in  nature. 
The  possibility  that  a  joint  inflammation  may  be  of  spinal  origin  must 
be  borne  in  mind  in  considering  the  significance  of  such  cases,  but  it  is 
on  the  whole  probable  that  a  primary  joint  affection  is  an  occasional 
cause  of  the  spinal  disease.f    Acute  arthritis,  certainly  of  spinal  origin, 
has  only  been  observed  in  severe  myelitis.    The  cause  of  the  congenital 
form  is  always  injury  to  the  brain  during  birth,  in  most  cases  menin- 
geal haemorrhage,  perhaps  sometimes  compression  of  the  cortex. 

/  Symptoms.— Weakness  of  the  legs,  of  very  gradual  development, 
/  is  the  first  symptom.  The  patient  finds  that  he  gets  tired  more 
readily  than  before,  and  that  the  legs  feel  heavy.  It  is  very  common 
for  one  leg  to  become  weak  before  the  other.  The  progress  of  the 
weakness  is  very  variable,  but  it  is  slow  in  all  characteristic  cases.  In 
many  instances  the  patient  is  still  able  to  walk  a  mile  or  two,  even  after 
*  The  cord  lesion  was  found  to  be  sclerosis,  but  the  direct  cerebellar  tract  was 
also  degenerated  (Minkowski).  t  See  '  Arthritic  Muscular  Atrophy.' 
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the  disease  has  lasted  for  several  years,  slowly  increasing.    On  the 
other  hand,  walking  power  may  be  almost  lost  at  the  end  of  six 
months.    It  is  doubtful  whether  more  acute  cases  should  be  classed 
in  this  category.    When  the  patient  seeks  advice,  the  degree  of  weak- 
ness is  thus  very  variable.    It  will  generally  be  found  that  there  is 
very  distinct  loss  of  power  in  the  flexors,  often  greatest  in  the  flexors  h 
of  the  hip,  but  considerable  also  in  those  of  the  knee  and  ankle.    The  | 
knee-jerk  is  excessive  and  quick ;   the  rectus  contraction  can  be 
obtained,  as  the  patient  lies,  by  tapping  the  depressed  patella,  and  a 
rectus-clonus  is  often  obtainable  by  sudden  depression  of  the  patella. 
The  foot-clonus  is  usually  also  obtained  with  readiness.     In  rare 
cases,  in  which  the  upper  part  of  the  legs  suffers  most,  there  may  be 
a  rectus-clonus,  but  only  slight  indications  of  a  foot-clonus,  two  or 
three  movements  quickly  ceasing.    The  tendency  to  spasm  is  at  first  I 
noticeable  as  slight  stiffness  of  the  legs  on  first  rising  in  the  morning, ' 
but  it  gradually  increases  in  degree  as  power  lessens,  until  at  last  the 
legs,  whenever  extended,  pass  into  a  condition  of  strong  extensor 
spasm,  rigidly  fixing  them  to  the  pelvis,  so  that,  as  the  patient  lies,  if 
one  leg  is  lifted  from  the  couch  by  the  observer,  the  other  leg  is 
moved  also.    The  spasm  may  be  such  that  the  knee  cannot  be  pas- 
sively flexed  by  any  force  that  can  be  applied  to  it,  until  the  spasm 
has  become  less.    When  flexed  the  limb  is  comparatively  supple,  but 
if  It  is  then  extended,  the  spasm  instantly  returns,  making  the  limb 
rigid,  and  often  completing  the  extension,  just  as  the  blade  of  a  knife 
opens  out  under  the  influence  of  its  spring,  "  clasp-knife  rigidity." 
The  spasm  ;s,  roughly  speaking,  proportioned  to  the  loss  of  power,  and 
its  extensor  character  may  enable  the  patient  to  stand,  the  legs  being 
fixed  and  rigid,  when  muscular  power  is  quite  insufficient  to  support 
the  body,  were  it  unaided  by  the  spasm.    In  a  still  greater  degree,  a  / 
voluntary  effort  may  only  excite  general  spasm  of  the  limb  instead  of  | 
causing  a  definite  movement.    Occasionally  there  are  also  paroxysms 
of  brief  flexor  spasm,  causing  the  legs  to  draw  up.    This  occurs 
chiefly  when  the  patient  is  in  bed,  and  especially  during  sleep.  When 
the  spasm  is  great,  a  paroxsym  may  pass  into  violent  clonic  spasm.  | 
This  was  termed  "  spinal  epilepsy  "  by  Brown- Sequard,  but  it  has,  of 
course,  nothing  to  do  with  epilepsy.    It  is  merely  the  same  clonus 
that  can  be  produced  by  passive  extension,  excited  by  the  tension  of 
the  spontaneous  spasm.    A  paroxysm  can  often  be  arrested  by  a 
strong  sensory  impression,  such  as  a  prick  or  a  pinch,  and  also,  as 
Brown-Sequard  has  shown,  by  a  forcible  flexion  of  the  great  toe, 
which  probably  acts  in  a  similar  manner.    Reflex  action  from  the  skin  . 
IS  also  usually  excessive,  and  the  stimulus  excites  an  attack  of  , 
spasm. 

The  gait  of  the  sufferers  from  spastic  paraplegia  is  very  character- 
istic.    The  legs  seem  to  drag  behind  the  patient,  and,  in  walking,  I 
each  IS  hauled  forwards  as  a  rigid  whole,  the  toes  catching  against  the 
ground,  and,  when  the  ball  of  the  foot  rests  on  the  ground,  the  limb 
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may  shake  from  the  clonus  developed  by  the  extension  of  the  calf- 
muscles.  When  the  patient  sits,  a  similar  trepidation  occurs  until  the 
patient  pushes  the  leg  forwards  so  that  the  heel  rests  also  on  the 
floor.  The  muscles  of  the  legs  are  usually  large  and  well  nourished.! 
They  often  seem  indeed  to  be  hypertrophied,  and  perhaps  are  really* 
so ;  the  contraction  of  spasm  constitutes  a  physiological  stimulus  to 
growth  just  as  does  voluntary  effort.  But  they  are  not  always  large  ; 
they,  are  sometimes  moderately  wasted.  Rarely  they  are  much  wasted ; 
such  cases  are  considered  in  the  chapter  on  muscular  atrophy.  The 
electric  irritability  is  usually  perfectly  normal,  but  in  the  muscles  that 
present  the  slight  wasting  just  mentioned,  there  may  be  a.  trifling 
diminution  of  irritability,  to  faradaism  and  voltaism  alike.  When  the 
patient  ceases,  or  almost  ceases  to  walk,  contracture  sometimes  occurs 
in  the  calf-muscles.  An  active  contracture  is  indeed  common,  prevent- 
ing at  first  passive  flexion  of  the  ankle  beyond  a  right  angle,  but  if  the 
pressure  is  maintained,  the  muscles  yield  and  full  flexion  is  possible. 
But  in  some  cases  there  is  a  fixed  contracture  that  cannot  be  overcome. 
This  rarely  develops  while  the  patient  is  walking  about,  but  is 
common  when  rest  in  bed  permits  habitual  extension  of  the  foot  on 
the  leg.  It  occurs  especially  when  there  is  slight  muscular  wasting. 
Flexor  contraction  at  the  hip  or  knee  may  occur  also  in  the  same 
cases,  under  the  influence  of  posture,  but  is  on  the  whole  rare,  the 
tendency  to  it  being  counteracted  by  the  extensor  spasm. 

The  arms  are  often  unaffected,  but  they  suffer  in  some  cases,  andj 
present  the  same  progressive  weakness  and  excess  of  myotatic  irrita- ' 
bility.    Yigorous  contractions  are  elicited  by  a  tap  on  the  tendon  of  a 
muscle,  or  on  the  bone  to  which  the  tendon  is  attached,  provided  the 
muscle  is  extended.    A  clonus  can  often  be  obtained  in  the  flexors  of 
the  fingers.    There  is  less  paroxysmal  spasm  than  in  the  leg,  but  much 
rigidity  of  the  limb,  from  active  muscular  contracture,  flexing  the  elbow  I 
and  flexing  the  fingers  at  all  the  joints,  as  in  the  "  late  rigidity  "  of  \ 
hemiplegia.    The  difference  in  the  form  of  spasm  in  the  arm  and  leg 
is  no  doubt  connected  with  existence  of  the  reflex  extensor  mechanism,  . 
in  the  lumbar  centres,  concerned  in  the  act  of  standing.    The  muscles  | 
of  the  arm  are  often  as  well  nourished  as  those  of  the  leg.    The  affec- 
tion of  the  two  arms  is  very  rarely  equal,  and  it  is  common  for  one 
arm  to  be  almost  normal  when  the  other  is  much  affected,  and  both 
legs  are  equally  involved.    Sometimes,  however,  the  arm  and  leg  on 
one  side  are  paralysed,  and  the  limbs  on  the  other  side  very  slightly. 
In  comparison  with  the  palsied  members  those  on  the  other  side  may 
seem  normal,  and  the  patient  often  believes  that  they  are,  but  exami- 
nation almost  always  reveals  slight  weakness  and  an  abnormal  degree 
of  myotatic  irritability. 

The  muscles  of  the  trunk  may  also  suffer.    A  subjective  "feeling  of  I 
weakness  "  in  the  back  is  often  complained  of  early,  but  seems  to  be 
as  much  a  sensory  as  a  motor  symptom.    Painful  spasm  of  the 
abdominal  muscles  may  occur  in  severe  cases,  and  I  have  even  known 


PRIMAEY  SPASTIC  PARAPLEGIA. 


333 


tetanoid  rigidity  of  the  back  to  occur  on  attempts  to 


attacks  of 
move. 

It  is  not  common,  in  typical  cases,  for  the  symptoms  to  extend  into 
the  region  of  the  cranial  nerves,  but  in  rare  instances  difficulty  of 
swallowing  and  of  articulation  has  existed,  due  to  a  similar  palsy  of 
the  bulbar  nerves.  Excessive  myotatic  irritability  has  also  been 
observed  in  the  muscles  of  mastication,  so  that  a  tap  on  the  chin 
causes  a  vigorous  elevation  of  the  depressed  jaw  (Beevor;-  see 
p.  150). 

Sensory  symptoms  are  often  entirely  absent,  with  the  exception  of 
slight  dull  pains  in  the  legs,  or  more  frequently  in  the  back.  The 
sensation  of  weakness  in  the  back,  already  mentioned,  occasionally 
reaches  an  intense  degree.  Eheumatoid  pains  are  troublesome  in  some 
cases ;  sharp  pain  is  rare,  except  in  untypical  cases  to  be  presently 
mentioned.  In  sucb  cases  also  there  may  be  very  slight  defect  of 
sensibility,  such,  for  instance,  as  blunting  of  tactile  sensibility  on  the 
finger-tips.  Subjective  sensations  of  "  numbness,"  tingling,  formi-  f 
cation,  are  more  common.  They  may  exist  for  years  without  the  I 
development  of  any  other  anaesthesia,  in  spite  of  the  progress  of  the 
motor  symptoms. 

The  sphincters  are  often  affected,  and  sometimes  very  early  in  the  I 
course  of  the  disease.    Sexual  power  may  be  lost,  or  may  remain,  even 
when  the  spastic  paraplegia  has  reached  a  high  degree.    The  nutrition 
of  the  skin  and  joints  undergoes  no  change. 

Ocular  symptoms  are  extremely  rare.    The  action  of  the  pupils  is 
usually  perfect,   and  I 
have  only  once  seen  optic 
nerve  atrophy  in  an  un- 
complicated case. 

The  infantile  form  may 
resemble  very  closely 
that  which  occurs  in 
adults.  There  is  the 
same  extensor  spasm  and 
increase  of  all  forms  of 
reflex  action.  As  the  child 
sits  on  the  knee  or  a  chair 
any  sensory  stimulus  will 
make  the  legs  shoot  out 
in  spasm  (Fig.  117).  But 

the  spasm  does  not  reach  117.— Congenital  spastic  paralysis  (cerebral) 

the  extreme  degree  often      .^''^^""^.^  ^f^^^  i°  the  legs  excited  by  a  sensory 
attained  m  the  common 

form.  The  excess  of  the  knee-jerk  is  always  distinct,  but  a  foot-clonus  is 
not  often  to  be  obtained,  perhaps  because  the  muscle-reflex  mechanism 
related  to  the  calf -muscles  has  not  received  the  functional  development 
*  Drawn  by  Dr.  H.  R.  Spencer,  from  a  photograph  by  Mr.  Hyde  Marriott. 
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that  must  result  from  the  ever-recurring  sequence  of  tension  and 
contraction  involved  in  walking.  The  active  contracture  in  the  calf- 
muscles,  which  most  cases  present,  is  a  serious 
hindrance  to  walking  even  when  the  muscular 
power  is  sufficient.  It  is  long  before  the 
attempt  to  walk  overcomes  the  contracture. 
In  most  cases,  however,  the  child  ultimately 
gains  the  power  of  walking,  although  much 
later  than  normal,  and  it  often  presents  some 
peculiarity  of  gait,  sometimes  a  tendency  toi 
"  cross-legged  progression  "  in  which  one  footl 
gets  over  or  in  front  of  the  other  (Fig.  118), 
or  a  swinging  oscillation  of  the  body  occurs 
which  may  persist  to  adult  life.  The  growth 
of  the  legs  is  hindered. 

The  arms  do  not  present  tonic  spasm  such 
as  is  seen  in  adult  cases.  There  may  be  a  cho- 
reoid  disorder  of  movement,  spontaneous  irre- 
gular movements  with  inco-ordination.  In  the 
Fi».  118.— Infantile  spas-  cases  that  can  fairly  be  called  "  spastic  para- 
tic  paralysis  of  cerebral  ^Iq„{q^  »'  the  arm  symptoms  are  shght.  When  . 
;SrV;sir7D;a^by  considerable,  the  condition  is  usually  termed  \ 
J)v°  Spencer,  from  a  n  double  athetosis,"  and  its  characters  are 
photograph.)  described  in  the  account  of  diseases  of  the  brain. 

Transitional  forms  are  met  with  which  constitute  gradations  between 
primary  spastic  paraplegia  and  other  varieties  of  sclerosis  of  the  spinal 
cord  Indications  of  posterior  sclerosis  may  coexist,  and  to  the  motor 
symptoms  there  is  added  inco-ordination,  sometimes  with  other  sensory 
symptoms.  These  cases  of  "ataxic  paraplegia"  are  described  m  the 
next  section.  Cases  may  begin  as  pure  tabes,  and  indications  of  lateral 
sclerosis  may  be  superadded.  On  the  other  hand,  muscular  wasting  m 
the  arms,  considerable  in  degree  and  progressive  in  character,  may  be 
associated  with  indications  of  lateral  sclerosis  in  the  legs,  cases  to 
which  the  name  "amyotrophic  lateral  sclerosis"  has  been  given  by 
Charcot.  Very  rarely  considerable  muscular  wasting  succeeds,  in  the 
same  part,  the  symptoms  we  have  been  considering. 

Lateral  sclerosis  of  the  spinal  cord  (like  posterior  sclerosis)  often 
forms  part  of  the  morbid  process  that  constitutes  general  paralysis  ot 
the  insane.  In  some  cases  of  this  character  the  mental  symptoms  are 
extremely  slight,  and  the  case  may  have  the  aspect  of  a  primary  spinal 
disease,  with  slight  mental  failure  complicating  it. 

The  course  of  characteristic  cases  of  primary  spastic  paraplegia  is 
usually  very  chronic,  and  the  malady  may,  at  any  stage,  cease  to 
advance  In  one  case  slight  symptoms  have  apparently  been  stationary 
i^ow  for  twenty  years.  Often,  however,  the  disease  reaches  a  con- 
siderable  degree  before  it  becomes  stationary.  It  is  perhaps  the  least  \ 
dangetus  to  life  of  any  chronic  spinal  disease.    Even  secondaryj 
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kidney  trouble  scarcely  ever  occurs ;  perhaps  the  excessive  reflex 
action  may  save  the  bladder  from  injurious  over-distension.  It  is 
when  other  elements  of  the  cord  suffer  that  dangerous  complications 
ensue. 


Pathological  Anatomy. — In  the  fact  just  stated  we  probably  have 
an  explanation  of  the  silence  of 
morbid  anatomy  on  the  subject 
of  uncomplicated  lateral  sclero- 
sis.   "Nee  silet  mors,"  the  apt 
motto  of  the  Pathological  So- 
ciety, is  true  chiefly  of  disease 
that  kills.    Complete  degenera- 
tion of  the  pyramidal  tracts, 
anterior  as  well  as  lateral,  is  met 
with  in  the  cases  in  which  the 
anterior  ganglion  cells  and  motor 
nerves  are  also  diseased,  al- 
though, in  some  instances,  the 
amount  of  this  disease  is  small, 
and  limited  to  the  cervical  re- 
gion. An  instance  of  such  dege- 
neration is  shown  in  Pig.  119, 
The  degeneration  in  the  lumbar 
enlargement  is  usually  limited  to 
the  lateral  tract,  the  anterior 
having  disappeared  higher  up 
the  cord.    It  is  bounded  exter- 
nally, in  the  dorsal  and  cervical 
regions,  by  the  normal  direct 
cerebellar  tract,  and  internally 
by  the  narrow  "lateral  limit- 
ing   zone,"    which  intervenes 
between  the   pyramidal  tract 
and  the  intermediate  grey  mat- 
ter.    There  is  the   usual  in- 
crease of  connective  tissue  and 
wasting    of    nerve-fibres.  In 


Fig.  119.— Sclerosis  of  the  lateral  and  (in 
the  cervical  region  anterior)  pyramidal 
tracts,  with  slight  degeneration  of  the 
anterior  cornua.  A.  Cervical ;  B,  dor- 
sal; C,  lumbar  sections.* 


many  cases  granule  cells  are  abundant  in  the  affected  area  They 
are  always  present  in  cases  of  short  duration  and  indicate  the 
stage  rather  than  the  nature  of  the  process.  The  degeneration 
probably  begms  in  all  cases  in  the  nerve-elements  themselves  In 
most  cases  many  nerve-fibres  can  still  be  seen,  scattered  through  the 
sclerosed  area;  most  of  them  are  fibres  of  the  direct  cerebellar  tract 

n  I  It  Iffl''^'  ^^''"^  ^'^'^tions.  ^  Dr.  Dreschfeld.  who  has  published  the  case 
('  British  Med.  Journal,'  Jan.  29th,  1881). 


336 


SPINAL  OOiiD. 


whicli  lie  among  the  pyramidal  fibres  (see  p.  121).  The  degeneration 
of  the  tract  has  been  traced  through  the  medulla,  pons,  and  cerebral 
hemispheres,  to  the  motor  cortex,  in  which  indications  of  degeneration 
have  also  been  found.  This  degeneration  through  the  brain  was  traced 
in  one  case  in  which  the  disease  of  the  anterior  cornua  was  slight, 
the  wasting  was  limited  to  the  hand-muscles,  and  the  spastic  para- 
lysis began  in  the  legs  and  then  invaded  the  arms.*  Such  a  case 
is  almost  a  pure  degeneration  of  the  whole  of  the  first  segment  of  the 
motor  path.  The  degeneration  of  the  pyramidal  tracts  is  well  shown 
in  Fig.  120,  from  a  case  of  progressive  muscular  atrophy.  The  ante- 
rior and  lateral  tracts  are  entirely  degenerated,  and  the  sclerosis  stops 
abruptly  at  the  outer  margin  of  the  lateral,  but  in  front  extends  for- 
wards, probably  in  the  short  fibres  tbat  connect  the  anterior  cornu 


Fig.  120.— Sclerosis  of  the  pyramidal  tracts,  lateral  and  anterior :  dorsal 
region.    From  a  case  of  muscular  atrophy. 

at  different  levels.  In  otter  cases,  in  which  the  anterior  ganghon 
cells  were  normal,  the  sclerosis  has  not  been  limited  to  the  pyra- 
midal tracts;  the  anterior  columns  have  been  also  sclerosed  in  the 
lumbar  region  of  the  cord.f  The  direct  cerebellar  tract  (and  pos- 
terior vesicular  columns)  have  been  also  found  degenerated  with  tbe 
pyramidal  tract,  and  an  annular  sclerosis  of  the  periphery  of  tbe 
antero-lateral  colnmn  has  been  found  in  several  cases.  J    More  frequent 

*  Kojewnikoff, '  Arch,  de  Neurologie,'  1883,  No.  18. 

t  As  in  a  case  recorded  as  one  of  spastic  paraplegia  by  Hopkins  ('  Brain,'  Oct., 
1883),  but  this  was  an  example  of  combined  lateral  and  posterior  sclerosis  (ataxic 
paraplegia).  An  illustration  of  the  changes  in  this  case  is  given  in  the  next 
section. 

J  Direct  cerebellar  and  pyramidal  tracts  in  a  case  by  Minkowsld,  in  which  the 
disease  rapidly  succeeded  syphilis ;  annular  sclerosis  by  Westphal  (see  "  Ataxic  Para- 
plegia"). 
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still  is  a  combination  with  degeneration  of  the  posterior  columns, 
described  more  fully  in  the  next  section.    In  most  of  these  combined  • 
cases,  the  degeneration  has  lessened  in  the  uj^per  part  of  the  cord.  In 
one  case,  at  least,  the  white  columns  of  the  cord  have  been  found 
healthy.    The  probable  significance  of  this  fact,  and  the  general  con- 
clusion from  the  anatomical  evidence,  has  been  already  stated  in  the 
introductory  paragraph.  -  One  point,  however,  that  deserves  mention 
is  the  occasional  occurrence  of  lateral  sclerosis  in  association  with 
insular  sclerosis.    In  some  cases  of  this  character  the  degeneration  of 
the  pyi-amidal  tracts  is  purely  secondary,  the  result  of  the  damage  to 
the  pyramidal  fibres  by  an  islet  of  sclerosis  situated  in  some  part  of 
their  course.    But  it  does  not  appear  that  this  explanation  can  be 
given  of  all  cases.    In  some  instances  the  sclerosis  of  the  pyramidal 
tract  appears  to  be  independent  and  coincident.    A  similar  association 
of  insular  and  posterior  sclerosis  has  also  been  observed. 

The  probable  mechanism  of  the  symptoms  that  give  the  dominant 
characters  to  the  malady,  have  been  considered  in  the  general  account 
of  the  symptoms  of  disease  of  the  spinal  cord.  The  most  important  fact 
IS  that  the  degeneration,  whatever  its  upward  extent,  always  involves 
the  lowest  part  of  the  pyramidal  segment,  in  consequence  of  its  descend- 
mg  tendency.  Hence  the  intra-comual  termination  must  always  be 
involved.  This,  it  is  assumed,  is  the  structure  that  controls  the  muscle- 
reflex  centre,  and  the  consequent  loss  of  control  explains  the  excess  of 
myotatic  irritability  and  the  progressive  spasm,  progressive  by  a  func- 
tional hypertrophy  resulting  from  continuous  over-action.  When  there 
IS  the  rare  consecutive  wasting  of  muscles,  we  must  conceive  that  the 
degeneration  involves  also  the  ganglion  cells  and  lower  segment  of  the 
motor  path  ;  when,  as  is  the  rule,  there  is  coincident  wasting  of  other 
muscles  than  those  that  are  the  seat  of  spasm,  it  would  seem  that 
some  elements  of  this  lower  segment  are  the  seat  of  a  primary 
degeneration.  The  slighter  muscular  wasting  without,  or  with  only 
tnfling,  change  in  electrical  irritabiHty,  is  the  expression  of  a  slighter 
alteration  in  the  nutrition  of  the  cells  and  fibres,  without  actual 
destructive  degeneration. 

DiAaNOsis.-The  diagnosis  rests  on  the  combination  of  weakness  1 
excess  of  myotatic  irritability,  and  spasm.-on  the  gradual  onset  of 
these  symptoms,-and  also  on  the  absence  of  indications  of  a  focal  i 
lesion.    An  acute  onset,  occupying  a  few  days  or  weeks,  is  primd 
fac^e  evidence  of  a  lesion  that  takes  the  case  out  of  the  category 
of  degenerative  disease.    In  most  acute  cases  there  is  other  evidence 

Itor  r  h      c,"'  r''^^^^'       ^"^^  be^^ond  the  limits  of  the 

motor  path.     Such  indications  are  initial  impairment  of  sensation 
or  a  girdle  pam.     The  latter  indicates  irritltion  of  the  post  S 
root-fibres  at  a  certain  level,  and  proves  that  at  that  level  the  diseas 
extends  beyond  the  limits  of  the  pyramidal  tracts.    Spastic  parap  eg  a 
IS  common  after  such  lesions,  but  is  secondary  and  not  primary 

22 
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If  any  marked  sensory  symptoms  exist  in  a  case  tbat  presents  the 
symptoms  and  course  of  primary  lateral  sclerosis,  these  are  evidence 
that  the  sclerosis  extends  beyond  the  motor  tracts,  and  the  case  is  not 
one  of  pure  lateral  sclerosis.  It  is  doubtful,  however,  what  significance 
is  to  be  attached  to  very  slight  sensory  symptoms,  such  as  slight  sub- 
jective sensations  of  dull  pain,  formication,  &c.,  when  they  exist  alone. 
It  is  possible  that  they  are  due  to  functional  disturbance  in  the  sensory 
nerve-elements  and  do  not  imply  structural  disease  outside  the  motor 
area.  They  usually  i-emain  stationary,  and  are  not  followed  by  any 
more  pronounced  sensory  symptoms.  Considerable  muscular  atrophy 
in  any  part  is  commonly  regarded  as  bringing  the  case  under  the 
designation  of  "amyotrophic  lateral  sclerosis,"  but  some  cases 
of  the  kind,  in  which  the  wasting  is  confined  to  a  few  muscles, 
resemble  more  closely  the  cases  we  are  now  considering  than  they 
do  those  with  widespread  and  extreme  muscular  atrophy.  These 
cases  are  further  considered  in  the  account  of  progressive  muscular 
atrophy. 

The  disease  is  not  uncommon  in  those  who  are  at  the  age  and  of  the 
sex  at  which  hysteria  prevails,  and  there  is  no  form  of  cord  disease  that 
is  so  often  mistaken  for  hysterical  paraplegia.  The  mistake  is  facili- 
tated by  the  perfect  muscular  nutrition  in  most  cases  of  spastic  para- 
plegia.   When  there  is  considerable  spasm,  the  mistake  ought  not  to 

(occur,  as  the  extensor  character  of  the  spasm,  described  above,  is  dis- 
tinctive ;  nothing  resembling  it  ever  occurs  in  hysterical  paraplegia. 
Hysterical  contracture  is  fixed,  and  does  not  vary  with  posture  as  does 
the  "  clasp-knife  rigidity  "  of  spastic  paraplegia.    When  the  spasm  is 
trifling  or  absent,  as  in  slight  and  early  cases,  the  diagnostic  diflSculty 
is  much  greater,  and  is  increased  by  the  fact  that  slight  excess  of 
myotatic  irritability  occurs  in  some  cases  of  so-called  hysterical  para- 
lysis.   But  this  scarcely  ever  reaches  the  degree  necessary  to  give  rise 
to  a  true  foot-clonus  or  a  rectus-clonus.    There  may  be  a  "  spurious 
foot-clonus,"  or  a  true  clonus  may  be  obtainable  if  there  is  hysterical 
contracture,  but  apart  from  such  contracture  a  true  foot-clonus  or  a 
rectus-clonus  deserves  the  greatest  weight,  as  all  but  conclusive  evidence 
of  organic  disease.    I  have  known  many  mistakes  in  diagnosis,  in 
which  lateral  sclerosis  was  mistaken  for  hysterical  paraplegia  owing  to 
disregard  of  the  evidence  afforded  by  this  symptom,  but  I  do  not  recall 
a  single  instance  in  which  the  opposite  error  resulted  from  undue  regard 
to  this  symptom.    When  there  is  an  excess  of  myotatic  irritability  m 
so-called  hysterical  paralysis  it  is  a  persistent  symptom  and  must 
depend  on  more  than  functional  disease.    There  must  be  changes  in 
nutrition,  and  consequent  persistent  defective  control  of  the  muscle- 
reflex  centres.    On  the  hypothesis  that  I  have  advanced,  this  control 
is  exerted  by  the  termination  of  the  pyramidal  fibres,  i.  e.  of  the  upper 
motor  segment,  by  the  structures,  degeneration  of  which  may  probably 
cause  spastic  paraplegia.    A  case  is  actually  on  record  the  case  of 
lateral  sclerosis  observed  by  Charcot  in  1865,  in  which  an  initial 
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hysterical  paraplegia,  cured  suddenly,  and  relapsing  on  emotion,  passed 
into  lateral  sclerosis. 

When  the  arm  and  leg  suffer  on  one  side  only,  the  disease  may  be  i 
mistaken  for  cerebral  hemiplegia.  The  resemblance  may  be  very  close.  I 
There  is  not,  however,  any  affection  of  the  face,  which,  although 
theoretically  conceivable,  is,  as  a  matter  of  fact,  always  absent.  The 
limbs  on  the  other  side  are  never  normal,  but  present  slight  symptoms. 
The  excess  of  myotatic  irritability  in  the  other  arm  has  afforded,  in  all 
the  cases  I  have  seen,  a  distinct  indication  of  the  nature  of  the  malady. 
It  IS  never  present  in  simple  cerebral  hemiplegia,  although  such  excess 
.  IS  often  present  in  the  leg  of  the  unparalysed  side. 

The  diagnosis  of  the  congenital  infantile  form  is  only  difficult  when 
the  observer  is  unaware  of  the  occurrence  of  these  cases.  A  slight 
degree  of  inco-ordination  in  the  hands  will  usually  be  found  if  they  are 
carefully  watched  while  the  patient  takes  hold  of  some  object.  The 
wide  separation  and  irregular  movement  of  the  fingers  is  very  charac 
tenstic.  Chronic  primary  cord  diseases  are  almost  unknown  in  young 
children.  Caries  of  the  spine,  causing  paraplegia,  is,  in  them,  always 
recognisable,  and  the  distinct  onset  of  the  paralysis,  in  a  previously 
healthy  child,  is  an  absolute  distinction  from  the  cases  of  birth-palsy 
The  same  fact  also  distinguishes  glioma  of  the  pons,  which  may  like- 
wise  cause  spastic  paralysis  of  arms  and  legs. 

The  disease  with  which  the  infantile  form  is  most  frequently 
confounded  is  pseudo-hypertrophic  paralysis,  to  which  a  superficial 
resemblance  may  be  caused  by  the  gait  of  slight  cases,  the  large  mnscles 
and  the  contracture  of  the  calves.  Besides  the  other  characteristic 
features  of  the  muscular  malady,  the  two  are  distinguished  especially 
by  the  excessive  knee-jerk  of  spastic  paraplagia,  by  the  active  and 
yielding  nature  of  the  contracture,  and  by  the  course  of  the  disease- 
the  impairment  of  locomorion  gradually  lessens  in  birth-palsy  while  it 
increases  m  pseudo-hypertrophic  paralysis. 

PBoaNOsis.-In  primary  lateral  sclerosis  the  chance  of  recovery  and 
the  danger  to  life  are  both  small.  There  is  some  prospect  of  arrest, 
and  even  of  shght  improvement,  if  the  disease  has  not  reached  an 
advanced  stage.  When  the  spastic  state  is  well  developed  and  has 
lasted  for  some  time  it  is  very  rare  for  marked  improvement  to  occur. 
This  IS  perhaps  due  rather  to  the  tendency  of  the  disease  than  to  its 

undergo  remarkable  improvement.  In  slight  cases  there  may  be  con- 
tS'r'  ^^^^  ^^^^^  improve  it  is'possbL 

foim  the  prognosis  ,s  much  better.    Most  children  ultimately  gain 
ITbe  Sng.  ^-^^  -I--en:] 

same  rtrarof"^'.       "  i'^"^^  ^^^^^-^  -  ^b. 

same  as  that  of  posterior  sclerosis  already  described.    The  drugs  most 
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useful  are  the  same,  but,  unfortunately,  their  influence  is  less  frequently 
appreciable.    Nux  vomica  and  strychnine  have,  however;  to  be  given 
with  caution,  and  in  very  minute  doses,  as .  they  have  a  tendency  to 
increase  the  spasm.    In  severe  cases  this  is  a  most  distressing  symptom, 
and  often  not  amenable  to  any  influence.    Bromide  sometimes  lessens 
it  slightly,  but  even  large  doses  of  bromide  have  but  a  trifling  effect. 
Neither  Indian  hemp,  belladonna,  calabar  bean,  or  piscidia  erythrina 
has  much  effect.    Absolute  rest  is  sometimes  of  service,  and  occasionally 
seems  to  produce  improvement,  Which  all  treatment  failed  to  effect 
while  the  patient  was  .  walking  about.    Eubbihg  is  also  beneficial  in 
some  cases.    Its  influence  on.  the  spasm  is  often  very  distinct  during 
the  process,  and  a  long  course"  of  rubbing  has  produced  a  permanent 
improvement  in  the  spastic  condition.    Upward  rubbing  seems  to  have 
more  influence  than  kneading  the  musclQS.  '  If  there  is  contracture  of 
the  calf-mu«cles,  the  foot  should  be  pressed  up  while  these  muscles  are 
rubbed.    When  there  are  facilities  for  it,  the  rubbing  may  advan- 
tageously be'  combined  with  sweating  in  the  Turkish  bath.    In  one 
case,  of  moderate  degree,  almost  all  the  symptoms  passed  away  after 
a  long'  course  of  Turkish  baths,  arsenic  being  also  given.    The  patient, 
who  could  at  first  walk  scarcely  half  a  Ynile,  became  able  to  walk 
several  miles  without  fatigue.    Electricity  is  useless  in  the  pure  disease, 
i  Faradaism,  and  all  painful  applications,  are-  harmful,  stimulating 
1  further  the  already -excessive  excitability  of  the  reflex  centres.  The 
•  constant  current  to  the  muscles,  or  from  the  spine  to  the  muscles  or 
to  the  feet  in  water,  has  no  influence  in  lessening  the  spasm  or 
improving  the  strength,  as  far  as  I  have  been  able  to  observe,  and  I 
have  tried  it  thoroughly  in  many  cases. 

In  the  infantile  form,  drugs  are  useless.  Eubbing  is  desirable,  and 
can  be  efficiently  performed  by  the  nurse  or  mother.  Carefully  planned 
gymnastic  exercises  are  also  useful.  The  tendo  Achillis  is  sometimes 
divided  for  the  contracture  of  the  calf -muscles,  but  the  operation  is 
useless  and  ought  never  to  be  performed.  Supports  occasionally  help 
the  child  to  walk  somewhat  sooner  than  it  would  without  their  aid, 
and  so  may  hasten  improvement,  but  they  should  only  be  employed 
when  there  is  sufficient  power  and  control  to  enable  them  to  be  useful. 
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ATAXIC  PARAPLEGIA 

(combined  xatebal  and  posterior  sclerosis). 

The  term   ataxic  parajDlegia  'seems  the   most  accurate  clinical 
^  designation  for  a  disease  of  the  spinal  cord  which  presents  a  combination 
I  of  the  symptoms  of  paraplegia  and-  ataxy,  and  consists  in  combined 
t  disease  of  the  posterior  and  lateral  columns.    Although  its  clinical 
features  ^present  some  varieties,  and  may  approach  those  of  each  of  its 
constituent  forms  of  disease,  yet  in  the-majority  of  cases  the  symptoms 
are  uniform,  and  sufficiently  characteristic  to- justify  the  distinction  of 
the  disease  and  its  separate  description.    A  few  pathological  obser- 
vations have  been  published*.*    The -following  account  is  based  on 
these  and  on  a  series  of  cases  that  have  come  under  my  own  observa- 
tion, and  of  which  the  clinical  characters  were  weir  marked. 

Causes.— Neurotic  heredity  is  to  be  traced  only  in  a  small  proportion 
of  the  cases,  about  one  tenth..  A  history  of  syphilis  is  as  rare  .as  it  is  / 
frequent  m  pure  tabes.    Males  suffer  much  more  frequently  than/ 
females.    The  disease  usually  commences  between  thirty  and  forty, 
but  I  have  known  it  to  begin  as  early  as  nineteen  and  as  late  as'  ' 
fatty-two.    Exposure  to  cold  is  to  be  traced  occasionally  as  an  exciting 
cause    In  one  young  lady,  the  symptoms  commenced  after  a  season 
of  balls,  at  which  when  heated  she  would  habitually  sit  af  open 
windows,  and  often  sleep  in  clothes  saturated  with  perspiration  A 
severe  concussion  of  the  spine  has  sometimes  preceded  the  first  sym- 
ptoms by  a  few  months.    The  disease  may  also  follow  great  sexual 
excess.    In  many  cases  no  cause  can  be  traced,  immediate  or  remote 
Its  general  etiology  thus  resembles  that  of  simple  spastic  paraplegia." 

STMPT0MS.-The  onset  of  the  disease  is  usually  slow  and  gradual 
two  or  three  years  passing  before  walking  power  is  much  impaired  :  it  is 
rarely  subacute,  so  as  to  reach  a  considerable  degree  in  two  or  three 
months     The  legs  are  the  first  to  suffer,  and  the  symptoms  may 
remam  limited  to  them  or  may  involve  the  arms  also.    There  is  a  slow 
and  simultaneous  development  of  weakness  and  defect  of  co-ordination 
The  patient  finds  that  he  tires  more  readily  than  before,  and  also 
becomes  unsteady  on  turning  or  walking  in  the  dark,  and  these 
symptoms  gradually  increase.    Examination  then  shows  di  tinct  loss  S 
power  m  the  egs.    This  may  be  slight  and  difficult  to  elicit,  butTf  al 

welkTr^'t  T  "^^^     ^^"^^^^^^  ^^--d        ^^-e  is  marked 

weakness  of  the  flexors  of  the  knee  and  hip,  often  much  greater  than 
that  of  the  extensors.    Frequently  one  leg  is  distinctly  Laker  than 

ib.,  Bd.  Viii  and  X.    Westphal's  oL^^  J:^:::^ .^^.Z!  ^"^ 
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the  other.  The  patient  is  unsteady  when  he  stands  with  feet  together, 
and  he  tends  to  fall  if  the  eyes  are  then  closed.  If  the  feet  are  bare, 
the  irregular  action  of  the  muscles  is  shown  by  the  movement  of  the 
tendons  on  the  dorsum  of  the  foot,  as  in  tabes.  In  most  cases  the 
inco- ordination  is  revealed  also  by  the  patient's  gait,  which  is  distinctly 
unsteady.  There  is  rarely  the  high  movement  and  sudden  descent  of 
the  feet  often  seen  in  tabes,  although  I  have  observed  it  in  a  few  cases. 
But  the  walk  may  closely  resemble  that  of  many  cases  of  tabes ;  the 
patient  is  unsteady,  reels  on  turning,  and  has  often  to  bring  his  foot 
suddenly  to  the  ground  to  maintain  his  equilibrium.  He  may  even 
have  to  steady  himself  with  a  stick,  or  to  catch  hold  of  some  adjacent 
object,  to  save  himself  from  falling.  The  ataxy  is  equally  evident 
when  he  lies,  and  attempts,  his  eyes  being  closed,  to  touch  some  object 
with  his  foot. 

The  sensory  and  reflex  symptoms  present  a  marked  contrast  to  those 
of  tabes.    Lightning  pains  are  almost  always  absent ;  I  have  only  met 
with  them  in  one  case,  and  in  this  they  were  a  transient  symptom. 
Sometimes  there  is  a  slight  dull  pain  in  the  legs,  felt  especially  on 
fatigue.     Dull  pain  in  the  sacral  region  or  in  the  spine  is  not 
uncommon,  and  is  often  an  early  symptom.    The  sacral  pain,  indeed, 
^is  sufficiently  frequent  to  deserve  special  note.    A  girdle-pain  is  met 
met  with  only  in  rare  cases.    As  a  rule  there  is  no  loss  of  sensation 
either  on  the  legs  or  trunk.    Hypersesthesia  is  equally  rare.  Eeflex 
action  from  the  sole  may  be  normal  or  increased  ;  less  commonly  it  is 
diminished.    The  cremasteric  and  abdominal  reflexes  are  sometimes 
\  lost.    The  most  striking  difference  from  tabes,  however,  is  in  the  con- 
Idition  of  myotatic  irritability,  which,  in  the  vast  majority  of  cases,  is 
greatly  increased.     The  knee-jerk  is  quick  and  extensive;  it  can 
be  obtained  from  above  (see  p.  12),  and  there  is  generally  a  distinct 
rectus-clonus.    The  foot-clonus  is  also  commonly  to  be  obtained.  This 
myotatic  excess  usually  persists  throughout  the  whole  course  of  the 
disease,  whereas,  in  ordinary  tabes,  however  slight  the  lesion,  the  knee- 
ierk  is  all  but  invariably  lost.  ^ 

The  arms  may  be  normal,  or  may  present  symptoms  similar  to  those 
in  the  legs,  inco-ordination,  weakness,  and  marked  excess  of  the  myo- 
tatic irritability.    The  muscles  in  both  arms  and  legs  are  usually  well 

nourished.  ^,       , .  . 

Sexual  power  is  often  lost  early  in  the  disease.  The  sphincters  are 
frequently  impaired,  sometimes  early,  but  the  impairment  rarely 

reaches  a  considerable  degree.  n  --u  v  -u+  ..flov 

The  iris  usually  acts  to  light,  but  I  have  seen  loss  of  the  light-reflex 
in  two  or  three  cases  and  have  once  known  accommodation  to  be  lost, 
the  action  to  light  being  normal.  Optic  nerve  atrophy  occurs  only  in 
rare  cases,  less  frequently  than  in  tabes  ;  I  have  seen  one  case  in  which 
Zre  wer;  indications  of  a  retro-ocular  axial  neuritis.  The  external 
ocular  muscles  are  usually  normal,  and  there  is  no  nystagmus. 

Slight  impairment  of  articulation  is  not  uncommon  ;  sometimes  there 
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are  irregular  tremulous  movements  of  the  face  resembling  those  of 
general  paralysis,  and  this  in  cases  in  which  thei'e  is  no  mental  change. 
Westphal  has  observed  marked  ataxy  of  the  facial  muscles.  As  a  rule 
the  mental  state  is  either  normal  or  there  is  merely  slight  failure  of 
memory.  Undue  frequency  of  the  ^julse  is  occasionally  present,  but  is 
less  common  than  in  tabes. 

As  the  disease  increases  the  muscular  power  becomes  more  and  more 
impaired,  usually  without  much  increase  in  the  inco-ordihation,  which 
sinks  into  the  background  as  the  paralysis  increases,  and  the  patient 
has  to  have  recourse  to  supports  which  at  the  same  time  afford  him 
guidance.    The  increased  myotatic  irritability  continues  ;  stiffness  and 
rigidity  develop  as  its  consequence.    Thus  the  aspect  of  the  patient 
comes  to  be  that  of  spastic  paraplegia ;  the  feet  drag  as  the  patientr— 
walks,  shake  from  clonus  when  he  stops,  and  the  legs  are  hauled' 
forwards  with  visible  effort  at  each  step.    Indications  of  unsteadiness 
may  still  be  observed  in  isolated  movements.    The  arms,  if  previously 
free,  may  begin  to  suffer,  but  sometimes  they  escape  altogether.  The 
motor  weakness  may  go  on  to  complete  paralysis.    This  is  quickly 
reached  in  some  cases,  but  so  slow  is  the  usual  progress  of  the  disease 
that  one  patient  in  whom  the  disease  has  at  no  time  been  absolutely 
stationary,  is  still  able  to  stand,  whose  case  I  have  had  under  obser- 
vation for  eight  years.    In  spite  of  the  progress  of  the  weakness, 
sensation  remains  in  most  cases  unimpaired,  and  the  reflex  action  of 
the  iris,  unless  early  lost,  continues  perfect  throughout. 

The  symptoms  present,  in  some  cases,  variations  from  this  type. 
Sensation  on  the  legs  may  be  impaired  and  the  knee-jerk  may  be  lost. 
These  cases  are  intermediate  between  the  form  now  under  consideration 
and  pure  tabes.  They  are,  however,  very  rare,  and  do  not  constitute 
more  than  five  per  cent,  of  the  cases  in  which  ataxy  and  weakness 
come  on  together. 

The  disease  has  little  tendency  to  cause  death.    Indeed,  the  fatal 
cases  have,  for  the  most  part,  been  untypical,  and  do  not  convey  an 
accurate  idea  of  the  characters  of  the  disease.    The  chief  danger  to 
life  is  from  the  accidents  common  to  all  chronic  spinal  affections,  i 
— kidney  disease  and  bedsores,  '  I 

Among  complications  the  most  important  are  mental  changes 
resembling  those  of  general  paralysis  of  the  insane,  of  which  indeed 
this  combined  sclerosis  may  form  part.  Slight  muscular  atrophy 
sometimes  occurs.  Arthritis  of  doubtful  significance  has  been  once 
observed,  A  patient  of  Westphal's  presented  derangement  of  the 
sympathetic,  and  died  from  peculiar  spasm  of  the  muscles  of  respira- 
tion.   Visceral  crises,  however,  are  practically  unknown. 

Pathological  Anatomy.— In  all  cases  the  spinal  cord  has  presented 
sclerosis  of  both  posterior  and  lateral  columns  ;  but  the  precise  extent 
and  degree  of  the  degeneration  are  subject  to  considerable  variations. 
As  a  general  rule,  the  sclerosis  of  the  posterior  columns  differs  from 
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Fig.  121. — Ataxic  paraplegia,  combined 
lateral  and  posterior  sclerosis.  A,  upper 
dorsal ;  B,  last  dorsal ;  0,  mid-lumbar. 
The  posterior  columns  are  free  from 
sclerosis  in  C,  except  in  their  anterior 
parts;  in  B  the  disease  involves  the 


that  of  tabes  in  two  particulars. 
First,  it  is  not  more  intense,  and 
often  it  is  less  intense,  in  the  — 
lumbar  than  in  the  dorsal  region 
of  the  cord.    Sometimes,  indeed, 
as  in  the  case  shown  in  Fig.  121, 
in  the  middle  and  lower  parts  of 
the  lumbar  region,  the  posterior 
columns  may  be  free  from  scle- 
rosis, although  it  is  considerable 
in  the  dorsal  region  and  at  the 
junction  of  this  with  the  lumbar 
enlargement  (b).    The  second 
difference  is  that  the  sclerosis 
has  rarely  that  special  intensity 
in  the  root-zone  of  the  postero- 
external column  which  charac- 
terises the  lesion  of  tabes.  In 
rare  cases  the  whole  posterior 
column  in  the  lumbar  region  is 
diseased.    The  part  of  the  ex- 
ternal column  near  the  commis- 
sure and  near  the  neck  of  the 
posterior  horn  usually  remains 
free.    Sometimes  the  degenera- 
tion does  not  extend  up  to  the 
posterior  surface  of  the  cord,  as 
in  the  case  figured,  in  which  it 
affects  chiefly  the  middle  three 
fifths  of  the  posterior  columns. 
When  the  degeneration  is  con- 
siderable, the  posterior  median 
columns,  in  the  upper  part  of  the 
the  cord,  may  present  the  usual 
ascending  degeneration  of  se- 
condary origin.  When  the  lesion 
is  slight  in  degree  in  the  lower 


■nnrfs  •  in  ti  tue  Qisease  involves  tue  "  ,  .  „ 

Sdle  Lnd  anterior  parts  of  both  post.-med.  and  post  -ext.  co^^^^, 

throughout  the  anterior  columns,  and  a  focus  of  sclerosis  near  the  anterior  fassure, 
on  the  right  in  A  and  B,  on  both  sides  in  C*   


*  I  am  indebted  to  Mr.  J.  Hopkins  for  the  opportunity  of  drawing  these  sections 
The  patLt  was  a  man  aged  twenty-one,  in  whom  weakness  of  the  ^^^^  —^^ 
at  twenty,  after  a  wetting,  improved,  and  then  slowly  increased.    He  was  admitted 


ATAXIC  PARAPLEGIA. 


345 


half  of  the  cord,  there  may  be  only  a  slight  diffuse  degeneration  of 
the  columns  in  the  cervical  region,  similar  to  that  elsewhere,  and  not 
the  more  intense  limited  affection  of  the  median  part,  which  occurs 
when  there  is  a  considerable  lesion  of  the  column  lower  down,  and 
characterises  the  secondary  form. 

The  degeneration  in  tlie  lateral  columns  is  also  variable  in  extent 
and  position,  and  is  not  often  "  systemic"  in  character,  i.  e.  does  not 
correspond  to  a  single  system  of  fibres.    In  one  or  two  cases,  indeed, 
the  whole  pyramidal  tract,  and  this  alone,  has  been  degenerated,  but 
mox-e  often  the  sclerosis,  while  intense  in  the  pyramidal  tract,  also 
extends  in  front  of  this  into  the  mixed  zone  of  the  lateral  columns  (Fig. 
121,  A,  b).    (A  similar  extension,  it  may  be  noted,  is  met  with  in  the 
sclerosis  that  attends  degeneration  of  the  anterior  cornua ;  compare 
Fig.  119.)    The  lateral  limiting  layer,  between  the  pyramidal  tract 
and  the  grey  matter,  may  be  also  invaded.    The  direct  cerebellar  tract 
often  escapes,  as  in  Fig.  121,  a  (b  is  below  its  level  of  origin).    But  in 
some  cases  there  is  a  zone  of  sclerosis  round  the  periphery  of  the  cord, 
extending  deeply  into  the  lateral  column  in  the  position  of  the 
pyramidal  tract.    The  latter  has  been  found  diseased,  in  some  degree, 
in  all  cases,  and  in  several  the  extent  of  its  degeneration  has  been 
greater  in  the  lower  part  of  the  cord  than  in  the  upper.    As  in  most 
other  degenerative  diseases  of  the  cord,  there  may  be  some  increase  of 
connective  tissue  in  the  unaffected  columns,  and  it  may  be  so  intense 
at  some  spots  as  to  constitute  areas  of  distinct  sclerosis,  such  as  are 
represented  near  the  anterior  median  fissure  in  Fig.  121.    As  a  rule 
no  morbid  change  has  been  recognised  in  the  grey  matter  or  in  the 
membranes.    In  one  case  only  was  there  shght  meningitis.  Disease 
of  the  ascending  root  of  the  fifth  was  found  in  a  case  in  which  there 
were  corresponding  symptoms.    The  peripheral  nerves  seem  not  to 
have  been  examined  in  any  case.    The  muscles  have  been  found 
normal. 


Pathology.— The  double  lesion  in  the  posterior  and  lateral  columns 
supplies  an  explanation  of  the  two  sets  of  symptoms  which  characterise 
the  disease.  The  inco-ordination  is  doubtless  due  chiefly  to  the  disease 
of  the  posterior  columns  of  the  cord.  There  is  an  obvious  analogy 
between  the  symptoms  and  lesion  in  this  disease  and  in  true  tabes. 
But.  there  are  also  differences  between  the  two  diseases  in  this 
particular.  We  have  seen  that  in  tabes  the  ataxy  is  probably  due 
chiefly  to  the  disease  of  the  sensory  muscle-nerves.     In  ataxic 

a  year  after  the  onset,  with  considerable  weakness  of  the  legs,  a  reeling,  unsteady  gait, 
increased  knee-jerk,  foot-clonus,  but  with  no  anajsthesia,  wasting  of  muscles,  pains,  or 
affection  of  the  arms.  The  symptoms  slowly  increased,  paraplegia  became  abso- 
lute, and  the  spasm  very  intense,  sometimes  flexor  and  sometimes  extensor.  Tliere 
was  a  doubtful  impairment  of  sensibility  to  touch  on  the  legs,  but  no  loss  to  pain. 
The  sphincters  became  affected,  bedsores  formed,  and  the  patient  died  two  years  after 
the  onset.    Fuller  details  will  be  found  in  '  Brain,'  October,  1883,  p.  383. 
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paraplegia,  to  judge  by  the  general  integrity  of  sensation  in  the 
legs,  and  by  the  preservation  of  myotatic  irritability,  the  sensory  nerves 
escape  and  among  tbem  those  of  the  muscles.    In  correspondence  v^rith 
this  integrity  of  sensation,  the  root-zone  in  the  lumbar  region  scarcely 
ever  presents  dense  sclerosis,  and  is  often  free  from  degeneration. 
Hence  one  element  in  the  production  of  inco-ordination  in  tabes  is 
absent  in  ataxic  paraplegia.    But  we  have  seen  that,  in  the  former 
disease,  other  mechanisms  are  influential  in  causing  this  symptom, 
and  these  are  doubtless  effective  in  the  malady  we  are  now  consider- 
ing.   The  considerable  disease  of  the  posterior  columns  in  the  dorsal 
region,  and  the  occasional  degeneration  of  the  direct  cerebellar  tract, 
may  arrest  conduction  upwards  from  the  muscles  to  the  cerebellum. 
As  we  have  seen,  it  is  probable  that  the  direct  cerebellar  tract  con- 
ducts impressions  from  the  lower  trunk-muscles,  and  that  it  is  also 
probable  that  most  of  the  fibres  of  the  posterior  median  columns  have 
a  similar  function,  conducting  from  the  muscles  of  the  legs  impressions 
which  reach  the  cerebellum  through  the  connection  with  it  of  the  post- 
pyramidal  nucleus  of  the  medulla.    If  the  impressions  thus  conducted 
guide  cerebellar  co-ordination,  we  can  understand  that  ataxy  may  result 
from  the  interruption  of  this  path.    That  interruption  of  some  con- 
ducting path  in  the  cord  will  produce  inco-ordination  is  proved  by  the 
occurrence  of  this  symptom  in  cases  of  unilateral  lesion  of  the  cord, 
on  the  side  of  the  lesion  (see  p.  167,  note).    Thus  the  chief  difference 
between  the  two  diseases,  so  far  as  concerns  the  effect  of  the  lesion 
which  causes  the  inco-ordination,  is  that  in  tabes  it  arrests  the 
muscle-reflex  action.     The  sclerosis  in  ataxic  paraplegia  occupies 
also  the  region  of  the  cord  in  which  the  short  vertical  fibres  run, 
connecting  the  posterior  grey  matter  at  different  levels,  and  it  is 
possible  that  the  damage  to  these  fibres  may  contribute  to  the  ataxy. 

The  only  recognisable  lesion  that  can  be  regarded  as  the  cause  of 
the  paralysis  is  the  degeneration  of  the  pyramidal  tract.  This  is, 
indeed,  so  variable  in  degree  in  different  cases,  and  in  some  is  so  small 
in  proportion  to  the  degree  of  palsy,  that  it  has  been  questioned 
whether  this  lateral  degeneration  is  the  sole  cause  of  the  paralysis. 
But  no  other  lesion  has  been  found  ;  the  excess  of  myotatic  irritability 
and  ultimate  spasm  are  conclusive  evidence  that  the  cause  of  the  palsy 
is  in  the  upper  segment  of  the  motor  path,  i.  e.  above  the  ganglion  cells 
of  the  anterior  cornu  (see  pp.  116  and  144),  and  when  the  paralysis 
has  been  greater  in  one  leg  than  the  other,  the  disease  of  the  lateral 
column  has  been  found  to  be  greater  on  the  corresponding  side.  It  is 
possible,  however,  that  the  degeneration  is  often  more  extensive  in  the 
termination  of  the  upper  segment  in  the  grey  matter,  than  in  the 
(pyramidal)  fibres  of  this  segment,  and  that  the  occasional  discrepancy 
between  the  amount  of  degeneration  of  the  lateral  column  and  the 
amount  of  paralysis  may  be  susceptible  of  the  same  explanation  as  in 
pure  spastic  paraplegia  (see  p.  329).  In  most  cases  that  have  been 
examined,  the  visible  disease  was  greater  in  the  lower  than  in  the  upper 
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part  of  the  cord,  i.  e.  greater  in  the  lower  than  in  the  upj)er  part  of  the 
segment,  increasing  from  above  downwards.  This  suggests  that  the 
maximum  lesion  is  at  the  lowest  part — in  the  terminal  ramification 
within  the  grey  matter.  Degeneration  here  would  not  necessarily 
cause  any  secondary  change  in  the  white  columns,  i.  e.  in  the  part  of 
the  segment  above  its  termination,  while  it  would  explain  all  the  para- 
lytic and  spastic  symptoms  of  the  disease. 

The  differences  between  this  disease  and  tabes  depend  therefore  on 
the  escape  of  the  sensory  nerves,  both  in  their  peripheral  course  and 
in  the  posterior  column  of  the  cord.  It  is  on  the  integrity  of  the 
reflex  arc  that  the  preservation  of  myotatic  irritability  depends,  not 
on  the  presence  of  a  lesion  in  the  cord  tending  to  increase  this  reflex 
action.  If  the  knee-jerk  is  lost  as  in  tabes,  it  is  not  restored  bv  de- 
generation of  the  pyramidal  tracts,  whether  beginning  in  the  cord  or 
descending  from  the  brain.  Hence  this  difference  from  tabes  depends 
partly  on  the  escape  of  the  peripheral  nerves,  partly  on  the  differ- 
ence in  the  distribution  of  the  sclerosis  in  the  posterior  columns, 
by  which  the  root-fibres  are  damaged  in  one  case  and  escape  in 
the  other.*  It  is  not  surprising,  however,  that  intermediate  cases 
should  be  met  with,  in  which  these  differences  are  not  present ; 
in  which  the  sclerosis  extends  to  the  root-zone,  and  lightning  pains, 
and  some  loss  of  sensation,  show  that  the  fibres  of  the  posterior 
roots  from  the  skin  are  involved  in  some  degree.  Even  in  these 
cases,  however,  the  knee-jerk  is  not  lost ;  if  it  is  absent  there  is  no 
spasm  and  the  cases  ai-e  then  of  a  different  character ;  they  are  cases 
of  tabes  with  secondary  lateral  sclerosis.  It  is  in  the  remarkable  facts 
that,  as  a  general  rule,  if  the  knee-jerk  is  not  lost  early  it  is  not  lost 
at  all,  and  that  if  it  is  lost  early,  spasm  does"  not  come  on,  that  we 
have  the  justification  for  the  separation  of  these  cases  from  tabes. f 

It  has  been  doubted  whether  the  disease  is  to  be  regarded  as  a 
system  degeneration,  in  the  strict  sense  of  the  word.  The  lesion  of 
the  lateral  columns  certainly,  as  Westphal  has  insisted,  does  not 
correspond  strictly  to  the  pyramidal  tracts,  and  yet  its  vertical  extent 
forbids  us  regarding  it  as  focal  in  nature.  The  disease  is  certainly 
allied  to  system-diseases,  and  its  claim  to  be  considered  such  may 
perhaps  be  strengthened  by  future  observations  as  to  the  elements 
which  compose  the  more  extensive  degeneration,!  but  its  claim  to 

*  We  have  seen  (p.  134)  that  the  fibres  that  subserve  reflex  action  cannot  be  the 
same  as  those  that  ascend  in  the  posterior  median  column,  and  which,  in  this  disease 
are  often  damaged  liigher  up  the  cord.  ' 

t  If  cases  occur  in  which  an  ultimate  extension  of  the  sclerosis  of  the  posterior 
column  abolishes  the  knee-jerk  and  the  spasm,  it  is  quite  certain  that  such  cases 
are  too  rare  to  invalidate  the  grounds  of  distinction.  The  possible  combinations  of 
morbid  processes  are  only  limited  by  arithmetic  and  incompatibility,  but  this  does 
not  stultify  our  distinctions. 

t  For  instance,  it  may  be  found  that  the  degeneration  in  front  of  the  pyramidal 
tract  is  of  an  association-system  of  short  vertical  fibres  and  that  the  annular  sclerosis 
is  of  the  direct  cerebellar  and  antero-lateral  ascending  tracts. 
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separate  distinction  is  at  present,  as  we  have  seen,  clinical  rather  than 
pathological,  is  based  on  the  common  uniformity  of  the  range  of 
symptoms,  alike  in  different  cases,  and  in  the  same  case  throughout 
its  course. 

Diagnosis. — The  diseases  from  which  ataxic  paraplegia  has  to  be 
distinguished  differ  according  to  the  stage  of  the  disease  at  which  the 
diagnostic  problem  presents  itself.  The  dominant  symptom  in  the 
early  period  is  the  inco-ordination ;  in  the  later  period,  the  spastic  palsy. 
Hence  the  disease  in  the  early  stage  is  liable  to  be  confounded  with 
pure  locomotor  ataxy.  In  discussing  the  relation  of  the  two  diseases 
we  have  already  considered  their  differences.  Of  these  the  most 
important  is  the  condition  of  the  knee-jerk,  which  is  lost  in  the  one, 
excessive  in  the  other.  In  the  rare  cases  of  early  tabes  in  which  it  is 
not  lost,  it  is  never  increased.  The  presence  of  a  clonus  is  also  exclu- 
sive of  pure  tabes  ;  and  so  also  is  the  extensor  spasm,  of  which  we  may 
often  observe  some  indications,  while  power  is  still  only  slightly 
impaired.  Other  differences  may  confirm  the  diagnosis,  but  are  never 
necessary  to  make  it,  and  are  indeed  not  uniform  enough  to  be  alone 
conclusive.  In  the  state  of  sensation  on  the  limbs,  in  the  occuiTence 
of,  or  freedom  from,  pains,  and  in  the  action  of  the  iris,  the  two 
diseases  present  a  contrast  in  the  vast  majority  of  cases,  although  not 
invariably.  From  primary  spastic  paraplegia  the  diagnosis  depends 
on  the  presence  of  inco-ordination,  or  in  a  history  of  it  if  voluntary 
power  has  become  too  slight  to  be  susceptible  of  derangement. 
Ataxic  paraplegia  is  spastic  paraplegia,  plus  inco-ordination.  If  the 
ataxy  is  considerable,  as  it  often  is,  the  distinction  is  easy  enough,  for 
experience  shows  that  it  is  chiefly  with  tabes  that  such  cases  are  con- 
founded. The  so-called  "  hereditary  ataxy "  presents  a  close  resem- 
blance to  ataxic  paraplegia,  and  is  indeed,  as  we  shall  see,  intermediate 
between  this  disease  and  true  tabes.  It  is  distinguished  by  its  occur- 
rence in  several  members  of  the  same  family,  by  the  common  loss  of 
the  knee-jerk,  and  by  the  presence  of  nystagmus  and  of  some  imj)air- 
ment  of  articulation. 

The  greatest  diagnostic  difl&culty  is  presented  by  cases  which  have 
a  subacute  onset,  and  the  distinction  from  a  local  myelitis  involving 
posterior  and  lateral  columns  may  be  very  difficult.  It  depends 
chiefly  on  the  progressive  tendency  of  the  symptoms,  which  contrast 
with  the  regressive  tendency  of  myelitis.  It  is  possible  that  when 
there  is  a  degenerative  tendency,  a  focal  myelitis  may  set  up  a 
progressive  degeneration  in  the  columns  concerned,  as  it  certainly  may 
set  up  a  degeneration  limited  to  the  posterior  columns. 

A  tumour  in  the  middle  lobe  of  the  cerebellum  may  cause  unsteadi- 
ness, closely  resembling  that  of  some  cases  of  ataxic  paraplegia,  and  it 
may  also  cause  weakness  of  the  legs  with  increased  knee-jerk,  from  the 
pressure  on  the  pyramidal  fibres  as  they  pass  through  the  pons.  In 
such  cases  indeed  we  probably  have  the  two  elements  of  the  disease, 
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produced  although  in  a  different  manner  by  a  lesion  of  different  position. 
We  have  a  degeneration  of  the  lateral  columns  which  is  secondary 
instead  of  primary,  and  we  have  disease  of  the  co-ordinating  centre 
instead  of  interruption  of  the  path  to  it.  But  the  weakness  in  the 
legs  is  never  great  in  cerebellar  tumour,  and  special  symptoms  of  this 
are  never  absent.  Occipital  headache,  vomiting,  and  optic  neuritis  are 
present  in  most  cases.  In  a  case  in  which  the  pons  is  compressed, 
some  cranial  nerves  are  usually  also  damaged. 

Prognosis. — So  far  as  the  prospect  of  recovery  is  concerned,  the 
prognosis  in  ataxic  paraplegia  is  unfavorable.  In  a  few  cases  I  have 
seen  considerable  improvement ;  and  arrest  is  occasionally  obtained, 
but  in  the  majority  of  cases  the  progressive  tendency  of  the  disease 
baffles  all  attempts  to  check  it.  The  downward  progress  of  most 
cases  is  very  slow,  far  slower  than  might  be  inferred  from  the  history  / 
of  recorded  fatal  cases,  and  the  danger  to  life  is  small.  ' 

Treatment.— The  treatment  of  ataxic  paraplegia  is  the  same  as 
that  of  the  allied  diseases,  and  this  need  not  be  here  repeated.  The 
remedies  most  useful  in  tabes  also  most  frequently  do  good  in  this 
disease.  In  the  later  period,  in  which  spasm  has  attained  considerable 
intensity,  the  treatment  necessary  is  that  of  the  condition  described  in 
the  preceding  chapter.  I  have  known  a  long  course  of  Turkish  baths, 
with  thorough  rubbing,  in  more  than  one  case  to  be  of  marked  service! 
and  distinctly  contribute  to  the  improvement  that  occurred.  There  ^ 
are  no  symptoms  peculiar  to  ataxic  paraplegia  that  require  special 
treatment. 


"HEREDITARY  ATAXY" 
(Friedreich's  disease,  hereditary  ataxic  paraplegia). 
The  so-called  hereditary  ataxy  is  a  form  of  ataxy,  or  rather  of  ataxic 
paraplegia,  usually  depending  on  combined  posterior  and  lateral 
sclerosis,  which  occurs  in  families,  and  differs  also  from  the  common 
forms  of  tabes  and  of  ataxic  paraplegia,  in  the  early  age  at  which  it 
always  commences,  and  in  the  presence  of  certain  additional  symptoms 
It  IS  often  termed  "Friedreich's  disease,"  because  this  physician  first  t 
described  the  characteristic  features  of  the  malady  and  the  lesion  in  » 

JecorrdT'  ''^^^-^^^  '^''^  been  hitherto 

.hl^  t'T^"'"''  ^'"'^'^       ^  congenital  tendency  is  clearly 

shown  by  Its  usual  occurrence  in  families.    But  direct  inheritance  has 

^r:'^^'^^l:z^^  t  isT--^     '''''  ^-^^^^^^^ 

him  in  1876  (ib.,  Bd.  68  and  70)  '''''  """""  ^"^"''"^ 

t  The  most  complete  list  of  these  (57  cases)  has  been  given  by  Dr.  Everett  Smith 
Boston  Med.  and  Surg.  Journal,'  Oct.  15.  1885.  ' 
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been  traced  in  only  a  few  instances.  In  one,  the  mother  of  the  family 
affected,  and  her  mother,  both  suffered  from  the  disease.  That  a 
general  neuropathic  inheritance  is  also  sometimes  effective  is  shown 
by  cases  in  which  there  is  a  history  of  other  neurotic  diseases,  such  as 
insanity,  in  collaterals  or  ancestors.  Alcoholism  in  parents  has  been 
supposed  to  be  influential,  but  the  evidence  of  this  is  not  strong. 
Consanguinity  of  parents  has  existed  in  some  instances,  and  has 
doubtless  intensified  the  morbid  tendency  in  these  cases. 

The  family  tendency  of  the  disease  is  shown  by  the  affection,  in 
most  instances,  of  brothers  and  sisters.  The  sixty-five  cases  were 
distxibuted  in  nineteen  families,  giving  an  average  of  rather  more  than 
three  to  each.  The  number  affected  in  one  generation  has  varied  from 
two  to  eight.  In  the  case  in  which  the  mother  and  grandmother 
suffered,  an  uncle  and  seven  children  were  also  affected,  making  ten 
in  one  family.  Scarcely  any  isolated  cases  have  been  recorded  ;  whether 
this  is  because  they  do  not  occur,  or  because  the  nature  of  the  disease 
has  not  been  recognised,  is  uncertain.  The  two  sexes  present  nearly 
equal  liabihty  ;  males  slightly  preponderate  (thirty-five  males  to  thirty 
females).  In  some  families  the  two  sexes  have  suffered  equally,  but 
in  others  the  disease  has  shown  a  marked  tendency  to  affect  one  sex. 
Thus  in  one  family  of  nineteen,  the  two  males  suffered  and  the  seventeen 
females  escaped.  In  another  instance,  recorded  by  Musso,  a  brother 
and  sister  (the  offspring  of  a  melancholic  mother)  married  healthy 
individuals ;  the  brother  had  three  daughters  affected  out  of  seven 
living  children ;  and  of  the  sister's  children  three  sons  were  diseased. 
Another  curious  circumstance  is  that  three  of  the  brother's  and  four 
of  the  sister's  children  were  born  dead. 

The  age  at  which  the  first  symptoms  are  recognised  has  varied 
between  four  and  twenty-four  years.*  The  seventh  and  eighth  years 
of  life  are  those  in  which  disease  most  often  begins,  and  next  comes 
the  period  of  puberty,  from  twelve  to  sixteen.  It  shows  a  slight 
tendency  to  begin  earlier  in  males  than  in  females,  and  often  a  marked 
tendency  to  commence  about  the  same  period  in  the  same  family. 
Immediate  causes  can  rarely  be  traced. 

Symptoms. — The  first  and  chief  manifestation  of  the  disease  is  a 
gradual  impairment  of  co-ordination,  first  in  the  legs  and  afterwards  in 
the  arms.  Initial  pains  scarcely  ever  occur.  The  ataxy  is  shown  by 
unsteadiness  in  standing  and  walking,  at  first  shght,  but  slowly 
increasing,  until  the  feet  have  to  be  placed  wide  apart  in  standing,  and 
the  patient  reels  in  walking  like  one  under  the  influence  of  alcohol. 
The  feet  are  not  often  raised  too  high,  unless  when  an  unusually  long 

*  In  the  family  recorded  by  Everett  Smith,  the  father  presented  symptoms  of 
ataxic  paraplegia  at  the  age  of  sixty-six,  coming  on  gradually  after  an  attack  of 
rheumatism  produced  by  exposure  to  cold.  In  the  age  of  the  sufEerer,  this  case 
stands  alone  in  the  history  of  the  disease,  and  is  not  included  in  the  figures  given. 
The  case  may  be  a  mere  coincidence,  or  may  show  that  a  latent  predisposition  may 
persist  through  life. 
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step  is  taken.  Closure  of  the  ejes  causes  a  considerable  increase  in  the 
unsteadiness  in  some  cases ;  in  others  it  has  but  little  influence.  The 
impairment  of  movement  in  the  arms  is  of  a  similar  character,  but 
usually  commences  some  time  after  that  of  the  legs.  There  is  irregu- 
larity in  the  voluntary  movement  of  the  arms  and  fingers,  and  the  ataxy 
has  often  a  distinctly  jerky  character.  In  most  cases  the  power  of  the 
muscles  is  at  first  unimpaired,  their  nutrition  is  good,  but  the  myotatic 
irritability  is  lost.  In  exceptional  cases,  as  in  one  recorded  by  Selig- 
muller,  it  has  been  preserved  and  increased.  In  most  cases  the  knee- 
jerk  has  been  found  absent  as  soon  as  the  patient  came  under  observa- 
tion ;  in  oae  case  it  disappeared  after  the  other  symptoms  had  set  in. 

As  the  disease  progresses,  some  jerky  irregularity  develops  in  the 
movements  of  the  neck  and  head,  so  that  the  head  presents  slight 
unsteady  movements,  sometimes  like  an  irregular  tremor,  when  it  is 
supported  by  the  muscles.  Speech  is  also  impaired;  syllables  are 
elided,  and  there  may  be,  with  this,  an  occasional  hesitation.  There 
is  no  twitching  of  lips,  but  occasional  jerky  movements  have  been 
noted  in  the  tongue.  The  affection  of  speech  is  not  often  an  early 
symptom.  It  may  not  be  noticed  until  three,  five,  or  ten  years  after 
the  onset  of  the  other  symptoms.  In  most  cases  (but  not  in  aU)  there 
is  nystagmus  when  the  eyes  are  moved  laterally,  due  clearly  to  jerky 
unsteadiness  in  the  action  of  the  muscles,  corresponding  in  the  two 
eyes.  Sometimes  the  movement  is  slower  than  in  most  forms  of 
nystagmus,  and  it  is  rarely  present  when  the  eyes  are  at  rest,  directed 
straight  forwards.  This  symptom  also  usually  comes  on  after  those 
in  the  limbs.  Paralysis  of  the  ocular  muscles  does  not  occur,  nor 
does  optic  nerve  atrophy. 

Sensory  symptoms  are  very  variable.    Lightning  pains  and  any 
severe  pains  are  extremely  rare,  but  sUght  dull  or  rheumatoid  pains 
m  the  legs  are  not  uncommon.    Sensibility  has  been  quite  normal  in 
many  cases ;  in  others  there  has  been  slight  anaesthesia  in  the  legs, 
early  in  some  instances,  late  in  others.    Sensibility  to  pain  and 
temperature  is  very  rarely  impaired.    Sensation  may,  however,  be 
unaifected  even  when  the  ataxy  and  weakness  have  become  extreme 
The  sense  of  posture  of  the  limbs  has  been  found  normal  in  several 
cases  in  which  it  has  been  examined.    The  electro-sensibility  of  the 
muscles  is  said  to  be  sometimes  lessened.    Increased  sensitiveness  to 
pam  is  occasionally  met  with.    Eeflex  action  from  the  sole  is  usually 
preserved,  but  may  be  lost  when  there  is  anaesthesia.    The  cremaster 
reflex  is  often  lost.    On  account  of  the  age  of  the  patients  little  is 
known  of  the  condition  of  sexual  power,  but  it  is  certainly  often  lost 
Menstruation  becomes  irregular  and  ceases.    The  sphincters,  as  a  rule 
are  unafi-ected.    There  is  no  tendency  to  trophic  changes  in  the  skin 
or  joints. 

Although  muscular  power  is  commonly  normal  at  first,  and  may  be 
normal  even  when  the  ataxy  is  considerable,  it  usually  becomes  impaired  / 
as  the  disease  progresses,  and  sometimes  weakness  comes  on,  with  the  ( 
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ataxy,  at  the  onset  of  the  disease.  The  loss  of  power  is  always 
greatest  in  the  legs  and  may  be  confined  to  them.  The  flexors  suffer 
more  than  the  extensors.  It  may  be  ultimately  great,  although  it 
rarely  amounts  to  absolute  paralysis.  Slight  wasting  of  the  muscles 
may  occur  in  the  later  stages  of  the  disease,  but  is  only  attended  with 
trifling  depression  of  the  electrical  contractility.  Lateral  curvature  of 
the  spine,  and  talipes  equiuus,  or  equino- varus,  of  the  foot,  have  been 
observed  as  later  results  of  the  muscular  weakness,  developing  under 
the  influence  of  posture,  and  contraction  of  the  flexors  of  the  knees 
has  also  resulted. 

Visceral  crises  do  not  occur.  Frequency  of  pulse  has  been  noted, 
however,  in  many  cases,  and  curious  vaso-motor  symptoms  (flushing, 
oedema,  sweating,  polyuria,  and  salivation)  were  present  in  one  of 
Friedreich's  cases.  There  is  no  mental  change  that  can  be  regarded 
as  part  of  the  disease.    Imbecility  co-existed  in  one  case  (Power). 

The  rate  of  progress  of  the  malady  varies  much,  even  in  different 
members  of  the  same  family.  One  in  whom  the  disease  commenced 
last  may  be  unable  to  walk,  while  another  who  suffered  sooner  may 
be  still  in  the  early  stage  of  the  disease.  Now  and  then  the  disease  is 
stationary  for  many  years.  The  duration  of  the  malady  is  corre- 
spondingly variable.  It  is  always  long,  even  more  than  thirty  31  ears, 
and  in  many  instances  it  has  not  apparently  shortened  life.  On 
the  other  hand  death  may  occur  at  the  end  of  ten  or  twelve  years. 
/  The  end  has  generally  come  from  intercurrent  affections,  rarely  from 
exhaustion.  An  attack  of  acute  myelitis  ended  life  in  one  of  the 
cases  recorded  by  Everett  Smith. 

PATHOiiOGHCAL  Anatomy. — The  lesion  in  hereditary  ataxy  is  that 
of  ataxic  paraplegia  and  of  tabes  combined.  There  is  degeneration  in 
the  lateral  column,  often  also  in  the  anterior  column,  such  as  occurs 
in  ataxic  paraplegia,  but  the  sclerosis  of  the  posterior  column  is  more 
intense  than  in  that  disease,  and  it  is  also  more  extensive,  especially  in 
the  lumbar  region.  It  is  similar  to  the  degeneration  of  tabes,  and 
agrees  with  this  also  in  that  the  posterior  nerve-roots  are  usually 
affected,  whereas  in  ataxic  paraplegia  they  almost  invariably  escape. 

The  distribution  of  the  lesions  shows  a  close  correspondence  in 
different  cases,  as  will  be  seen  by  a  comparison  of  the  figures  here 
given,  which  are  from  three  different  cases  of  the  disease.  The  sclerosis 
of  the  posterior  columns  may  be  complete  throughout  the  cord,  with 
the  exception  of  a  narrow  band  near  the  neck  of  the  cornu,  which 
always  remains  but  little  damaged.  In  the  lumbar  region  it  is  usually 
intense  up  to  the  head  of  the  horn  and  the  posterior  surface  of  the 
cord.  Occasionally,  however,  it  is  somewhat  less  intense  in  the  lumbar 
region  than  it  is  higher  up,  extending,  however,  into  the  root-zone. 
In  the  cervical  region  the  sclerosis  may  also  be  general,  or  it  may  be 
greatest  in  the  root-zone  and  in  the  posterior  median  columns.  The 
cervical  root-zone  never  escapes,  as  it  often  does  in  tabes. 
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The  degeneration  of  the  lateral  columns  always  involves  the  pyra- 
midal tracts,  and  is  most  intense  in  their  position.    It  is  not,  howeVer 
limited  to  them.-  It  usually  extends  outwards  to  the  periphery  of  the 
cord,  where-  the  pyramidal  tract  does  not  reach  the  surface,  thus 
involving  the  direct  cerebellar  tract,  and  it  also 
extends  forwards  at  the  surface,  so  as  to  constitute 
a  band  of  annular  sclerosis,  which  varies  in  thickness 
in  different  parts  of  the  cord  and  in  different  cases. 
In  the  inner  part  of  the  anterior  column  there  may 
be  a  distinct  area  of  degeneration  in  the  position  of 
the  anterior  pyramidal  tract.    This  is  seen  in  Fig. 
123,  in  which  this  tract  extends  unusually  low  in  the 
cord,  and  is  distinctly  degenerated  in  the  upper  part 
of  the  lumbar  enlargement.   Atrophy  of  the  posterior 
vesicular  column  has  been  found  associated  with 
that  of  the  direct  cerebellar  tract.    Slight  abnormal 
appearances  have  been  seen  in  the  nerve-cells  of  the 


Fia.  122.— Heredi- 
tary ataxy;  dis- 
tribution of  dege- 
neration in  the 
white  columns, 
indicated  by  the 
dotted  shading. 
(After  Fried- 
reich.) 


f;  123.-Hereditary  ataxy;  section  of  spinal  cord 
at  first  lumbar  segment.  Sclerosis  of  the  whole  of 
the  posterior  columns  except  a  narrow  zone  adia- 
cen  to  the  neck  of  the  horn.  Degeneration  also 
of  the  lateral  pyramidal  tracts,  and,  in  front  of  this, 
slight  degeneration  in  the  superficial  layer  of  the 
^lateral  column_.  Adjacent  to  the  anterior  med  an 
fissure  there  is  also  a  zone  of  sclerosis  of  the 
anterior  pyramidal  tract  which  extends,  in  this 
cord,  into  the  lumbar  region.* 


*  I  am  indebted  for  this  section  to  Dr.  Everett  Smith  wi,^  k  i  v  ,    ,  , 
in  the  'Boston  Med.  and  Surg.  Journa  '  O     15  1^'^^^ 
three  sisters  affected  with  the'disease,  t,eto\tl!t^^^^^^ 

suffered  from  ataxic  paraplegia  late  in  life,  as  mentioned  onfsSO  S'the  Le  f 

which  the  drawing  is  made  thp  innn  r,r.A-    i-     ,              ^'  ^^^^  "'o™ 

teen,  and  in  the  afm  Toon  af  eVw"^                        "  f  ^  '^^^  of  nine- 

which  gradually  increased  to  ^r^^^^  'f'^^^'  of  power, 
(talipes  equino-varus,  &c.),  and  consirrabL  lor    ^    '  7      """''"'^  contractures 
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anterior  cornua,  in  some 
cases,  but,  as  a  rule,  these 
are  normal,  and  the  grey- 
matter  presents  no  other 
disease.  It  is  very  likely, 
however,  that  future  ohser- 
vations  will  reveal  the  oc- 
currence of  changes  in  the 
nerve-cells  of  the  posterior 
hiorns,  such  as  are  met  with 
in  tabes. 

The  pia  mater  over  the 
posterior  columns  has  been 
found  thickened.  The  pos- 
terior nerve-roots  usually 
present  some  degeneration 
of  their  fibres  ;  this  may  be 
partial  (Fig.  126,  b),  or  may 
amount  to  total  destruction 
of  the  fibres  (as  at  c).  The 
peripheral  nerves  in  the 
limbs  have  been  found 
normal.* 

Some  general  shrinking 
and  induration  of  the  pons 
and  medulla  were  found  by 
Friedreich,  with  atrophy  of 
the  cells  of  the  post-pyrami- 
dal nucleus,  and  some  de- 
generation of  the  restiform 
bodies,  but  none  of  the 
anterior  pyramids.  Corpora 
amylacea  were  present  in 

 ^       _     A,  cervical;  B,  the  hypoglossal  nerves. 

"dorsal  j  C,  lumbar  "regions  of  the  oord.  The 
posterior  columns  are  sclerosed  in  their  whole      ^^^^^^^^^     Thp  disease 
extent,  except  in  the  vicinity  of  the  neck  of      PATHOLOGY.— i he  disease 
the  horn  in  the  cervical  and  lumbar  regions,  apparently  OCCUpies  a  clmi- 
the  degeneration  being  rather  less  intense  m  pathological  posi- 

the  lumbar  than  in  the  other  parts.    In  the  cai  ana  ir"^"^"     S  ^ 
antero-lateral  columns  there  is  an  annular  zone  tion  between  the  COmDinea 
of  sclerosis  in  the  periphery  of  the  cord,  widen-   g^^^gj^Qgjg  described  as  ataxic 
ing  in  the  region  of  the  pyramidal  tract,  lu 

front  of  this  tract  the  zone  is  widest  m  the         j,.„^,eich    '  Virchow's  Ar- 
dorsal  reeion,  and  trifling  in  degree  in  the  lum-      *  J^rieareicn,  v 
IZ     The  Zey  TBatter  if  but  little  affected.f      chiv.'  Bd.  70,  p.  145. 

f  "porXl  ago  to  the  Cll„i»l  Sooiet,  ('  Cli-  Soc.  T.-.n>./  vol.  M,,  1881, 
p.  1.) 


Fia.  124. — Hereditary  ataxy. 
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paraplegia  and  simple  tabes,  resembling  the  former  in  the  common 
affection  of  the  lateral  columns  and  the  consequent  weakness,  but 
differing  from  it  and 
resembling  tabes  in  the 
degree  of  affection  of 
the  posterior  columns 
in  the  lumbar  regions 
and  the  affection  of  the 
posterior  roots ;  with 
these  the  loss  of  the 
knee-jei'k  and.the  affec- 
tion of  sensation  are 
apparently  connected. 
Isolated  cases  present- 
ing the  same  combina- 
tion of  spinal  symptoms 
are    occasionally  met 
with.    The  j^recise  ori- 
gin of  the  affection  of 
articulation  and  of  the 
nystagmus  has  not  yet 
been  traced. 

From  the  age  at 
which  the  disease  com- 
mences, long  before  the 
period  at  which  ordi- 


FiG.  125.— Hereditarj'  ataxy;  degeneration  of  poste- 
nor  nerve'roots  (from  the  same  case  as  Fig  124)  A 
normal  anterior  root,  for  comparison.    B,  posterior 
root,  partially  degenerated;  a  few  normal  nerve- 
libres  are  seen,  but  most  of  the  spaces  which  should 
contam  nerve-fibres  are  empty.    C,  posterior  root, 
totally  degenerated,  probably  by  a  more  acute  pro- 
cess than  that  of  B,  since  there  is  some  destruction 
ot  the  septa  and  increase  of  amorphous  connective 
tissue    Ihe  products  of  degeneration  are  rendered 
invisible  by  the  mode  of  preparation.    (Compare  C 
with  the  similar  changes  in  a  totally  degenerated 
peripheral  nerve  shown  in  Fig.  51,  B  p  94) 


nary  degenerations  oc- 
cur, we  must  look  for  its  ultimate  cause  to  a  congenital  tendency  of 
developnaent,  by  which  the  affected  elements  have  a'  briefer'eriod  of 
vital  endurance  han  the  other  tissues  of  the  organism.  MobTus  has 
suggested  that  there  is  an  actual  arrest  of   development  o  these 

CtheTc'ts      ''''  "'^^'^^  '^'^  -  ™ntl 

DiAGNOsis.-In  most  cases  the  inco-ordination  is  sufficiently  pre- 
dominant  to  suggest  that  the  disease  is  a  form  of  ataxv  p.^  .1 
unsteadiness  of  the  head,  the  affection  of  articulaUo^  theT;s  alus 
and  the  age  at  onset,  suffice  for  the  distinction  from  ordiS  y  tabes 
The  common  form  of  ataxic  paraplegia  bears  a  close  resemblLee  to 
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the  question,  but  isolated  cases  occur,  commencing  soon  after  puberty, 
scarcely  distinguishable  from  the  hereditary  disease.  Such  a  case  has 
been  recorded  by  Kahler  and  Pick,  which  has  been  regarded  by  some, 
and  not  by  others,  as  an  example  of  this  disease. 

Disseminated  sclerosis  presents  inco-ordination,  nystagmus,  and 
impaired  articulation,  but  the  ataxy  of  the  arms  differs  in  the  wide 
range  and  violent  character  of  the  disordering  jerks  which  characterise 
this  disease  ;  in  the  legs,  moreover,  simple  unsteadiness  is  very  rare. 
The  affection  of  speech  differs  from  that  of  hereditary  ataxy  in  being 
simply  "  staccato,"  with  undue  separation  of  syllables,  which  are  rarely 
run  together.    The  cases  are  always  isolated. 

Cerebellar  tumour  and  hereditary  ataxy  can  hardly  be  confounded, 
in  spite  of  the  fact  that  the  unsteadiness  in  walking  is  very  similar  in 
the  two  diseases ;  the  common  affection  of  the  arms  in  the  one,  and  the 
conspicuous  head  symptoms  (severe  pain,  optic  neuritis,  &c.)  of  the 
other,  sufficiently  distinguish  them. 

PBoaNOSis.— The  prognosis  in  every  case  is  very  serious,  since  the 
disease  is  essentially  progressive,  but  life  may  be  prolonged  for  many 
years,  and  in  slight  cases  the  malady  may  interfere  comparatively 
little  with  the  patient's  occupation.  Thus  I  have  known  a  man,  with 
very  marked  symptoms,  follow  his  business  as  a  tradesman  for  many 
years.  The  only  guide  to  individual  prognosis  is  the  observed  rate  of 
progress. 

Tkeatment.— As  in  other  diseases  that  depend  on  a  congenital 
tendency,  treatment  is  almost  powerless.  The  measures  recommended 
for  ordinary  locomotor  ataxy  (apart  from  those  suggested  by  the 
syphilitic  relation  of  tabes)  are  those  most  suitable  to  the  hereditary 
form  Arsenic  and  nitrate  of  silver  especially  deserve  a  trial ;  now 
and  then  they  seem  to  check  the  progress  of  the  disease  for  a  longer 
or  shorter  time,  but  its  progressive  tendency  ultimately  reasserts 
itself. 


CHRONIC  SPINAL  MUSCULAE  ATROPHY 

(progressive  MUSCULAE  ATROPHY;    WASTING    PALSY;  AMYOTROPHIC 
LATERAL  SCLEROSIS;  CHRONIC  POLIO-MYELITIS). 

I  The  disease  which  has  long  been  known  by  the  names  "  progressive 
muscular  atrophy,"  and  "wasting  palsy"  is  characterised  by  slow 
wastincr  of  the  muscles,  beginning  in  some  one  part,  and  usually 
spreading  and  increasing,  until  it  is  wide  in  extent  and  extreme  m 
degree  The  changes  in  the  muscles  depend  on  changes  m  the  spmai 
cord  a  slow  degeneration  of  the  ganglion  cells  of  the  anterior  cornua, 
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accompanied  bv  a  similar  degeneration  in  the  motor  nerve-fibres  which 
spring  from  the  cells.  With  this  degeneration  of  the  cells  and  peripheral 
fibres,  there  is  usually  also  associated  a  degeneration  of  the  pyramidal 
tracts  in  the  cord. 

Chronic  muscular  atrophy  was  separated  from  primary  paralysis 
by  Sir  Charles  Bell,  and  was  afterwards  described  more  fully  by  Aran 
and  Cruveilhier.    Bell  and  Cruveilhier  regarded  it  as  a  spinal  disease. 
Aran  (who  first  called  it  "  progressive  muscular  atrophy  ")  thought 
that  it  was  primarily  a  disease  of  the  muscles,  a  view  that  was  afterwards 
held  by  Duchenne,  and  subsequently  also  by  Friedreich.    This  opinion 
was  supplemented  by  a  theory  that  the  wasting  was  due  to  a 
disturbance  of  the  sympathetic.     Lockhart  Clarke  first  discovered 
the  disease  of  the  grey  substance  of  the  spinal  cord,  and  Charcot 
specially  associated  the  atrophy  with  the  wasting  of  the  ganglion  cells. 
When  the  constancy  of  the  spinal  lesion  was  demonstrated,  it  was 
thought  that  every  form  of  chronic  muscular  atrophy  was  of  spinal 
origin,  but  this  view  has  proved  erroneous,  and  it  has  been  shown  that 
there  are  forms  of  muscular  atrophy  which  are  purely  local  and 
idiopathic.    The  morbid  process  is  not  confined  to  the  spinal  cord. 
Atrophy  of  the  nerve-cells  from  which  the  motor  bulbar  nerves  arise 
often  accompanies  that  of  the  spinal  cells,  and  "  progressive  bulbar  I 
paralysis  "  is  then  associated  with  "  progressive  muscular  atrophy  "  J 
Moreover,  the  degeneration  of  the  pyramidal  fibres  can  often  be  traced 
through  the  brain. 

Two  varieties  of  the  disease  have  been  distinguished  by  Charcot 
who  has  been  followed  in  this  by  most  subsequent  writers.    In  the 
one  variety  the  disease  is  manifested  only  by  the  wasting  of  the  mus- 
cles; m  the  other  there  are,  in  other  parts  than  those  much  atrophied 
the  indications  of  degeneration  of  the  pyramidal  tracts  of  the  cord' 
In  the  latter  cases,  Charcot  regarded  the  degeneration  of  the  pyramidal 
tracts  as  the  primary  lesion,  and  the  afi-ection  of  the  cornua  as  I 
secondary.    He  therefore  termed  the  cases  of  the  first  class  "proto-  ^ 
pathic,  '  and  those  of  the  second  class  "  deuteropathic,"  and  gave  to 
the  latter  the  name  "amyotrophic  lateral  sclerosis."    In  Germanv 
howevei-^  and  especially  by  Leyden,  doubts  have  been  expressed  as  to 
the  vabdity  of  the  distinction  between  the  two  classes  of  cases,  and  as 
to  the  sequence  of  the  lesions  in  the  second  class.    These  doubts  are 
not  without  foundation.    The  subject  will  be  discussed  when  the 
pathology  of  the  disease  is  considered,  and  reasons  will  then  be  given 
for  the  course  here  adopted  of  considering  the  two  varieties  together 
as  essentially  one  disease. 

Causes.  --The  disease  is  more  frequent  in  males  than  in  females,  the  ll 
proportion  being  about  three  to  one.    It  is  chiefly  a  disease  of  adult  | 
lite,  commencing  usually  between  twenty-five  and  forty-five    I  have 
known  It  to  begin  at  fourteen  and  as  late  as  seventy,  but  most  cases 
of  muscular  atrophy  xn  early  life  are  idiopathic,  and  not  spinal 


358 


SPINAL  CORD. 


Heredity  is  to  be  traced  only  in  less  than  half  the  cases,  and  gene- 
rally as  an  indirect  neuropathic  disposition.  Rarely  there  is  direct 
inheritance  of  the  disease.  Among  instances  that  I  have  met  .with  are 
a  lady  whose  mother  died  from  a  sinular  atrophy,  and  another  case 
(from  which  Tig.  136  is  taken)  in  which  a  brother  had  died  from  some 
chronic  disease  of  the  cord.,  attended  with  wasting.  When  many 
members  of  a  family  suffer  from  muscular  atrophy,  the  malady  is 
nearly  always  idiopathic  and  not  spinal.  The  affection  occurs  in  all 
classes  of  society,  and.  it  is  doubtful  whether  workers  with  the  muscles 
furnish  a  larger  proportion  of  tlie  cases  than  can  be  accounted  for  by 
their  greater  exposure  to  tbe  certain  exciting  causes. 

Of  these  more  direct  causes  one  of  the  most  frequent  is  mental 
distress  and  anxiety,  and  this  is  especially  met  with  in  females.  A 
severe  fright  has  been  thought  to  produce  it.  Another  cause  is  exposure 
to  wet  cold,  which  is  a  cause  also  of  many  other  chronic  spinal 
diseases.  Sometimes  the  exposure  has  been  habitual;  sometimes  a 
single  exposure  has  been  the  cause,  and  some  neuralgic  pains,  indicative 
of  the  deleterious  influence  on  the  nervous  system,  have  followed  the 
exposure  and  connected  it  with  "the  later  wasting.  The  pain  has  been 
sometimes  in  the  part  afterwards  wasted,  sometimes  in  some  other 
more  common  seat  of  neuralgia.  Thus  one  patient,  after  remaining 
in  wet  clothes  for  twelve  hours,  suffered  for  six  weeks  from  severe 
neuralgia  in  the  left  side  of  the  face,  and  then  the  muscles  of  the  left 
shoulder  began  to  waste.  Although  excessive  use  of  individual 
muscles  may  cause  them  to  w'aste,  it  is  doubtful  whether  this  influence 
produces  general  muscular  atrophy.  Injury  to  the  cord,  such  as  results 
from  concussion  of  the  spine,  is  a  rare  cause.  It  more  often  causes 
disseminated  myelitis,  which  may  be  manifested  by  muscular  wasting 
combined  with  other  symptoms.  In  a  few  instances  I  have  known 
progressive  atrophy,  of  typical  characters,  to  slowly  follow  a  concussion, 
as  if  this  had  set  up  a  perversion  of  the  nutrition  of  the  nerve-elements. 
Still  more  rarely  a  fall,  injuring  one  limb,  has  been  followed  by 
muscular  atrophy  commencing  in  this  limb  and  becoming  general. 
Thus  a  woman  fell  downstairs,  and  pitched  on  her  left  hand  and 
wrist ;  she  had  pain  in  the  arm  for  a  long  time,  and  two  years  after 
the  fall  this  arm  began  to  waste  and  the  atrophy  ultimately  became 
general.  The  relation  might  be  passed  as  an  accidental  coincidence, 
were  it  not  that  in  other  central  diseases,  such,  for  instance,  as  paralysis 
agitans,  the  symptoms  may  commence  in  an  injured  limb. 

The  disease  sometimes  succeeds  syphilis,  and  no  other  cause  may  be 
traceable.  As  with  other  degenerative  diseases,  an  interval  of  years 
elapses  between  the  primary  disease  and  its  nervous  sequel.  The 
cases  that  I  have  seen  after  syphilis  have  been  typical  in  course  and 
evidently  degenerative  in  nature.  It  is  probable  that  syphihs  has 
some  share  in  the  causation  of  these  cases,  because  the  same  relation 
obtains  in  the  case  of  other  diseases  of  the  same  class,  and  especially 
in  that  of  locomotor  ataxy.    Occasionally,  syphihs  and  a  neurotic 
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heredity  can  botli  be  traced.  In  rare  eases  the  disease  has  followed 
acute  specific  diseases,  especially  measles,  as  in  a  remarkable  group  of 
cases,  in  one  family,  recorded  by  Ormerod.*  General  muscular 
atrophy  may  result  from  lead-poisoning,  but  this  form  is  not,  as  a 
rule,  progressive  in  chai-acter  when  its  cause  has  ceased  to  act.  In 
many  cases  of  progressive  muscular  atrophy  no  cause  for  the  disease 
can  be  traced. 

Symptoms. — The  definite  symptoms  of  the  disease  are  often  preceded  i 
by  aching  pain  in  the  part  afterwards  wasted,  rarely  severe.    Sometimes  i 
there  is  such  pain  in  the  spine  or  elsewhere,  especially,  as  already 
stated,  in  the  .cases  that  are  due  to  exposure  to  cold.    Earely  some 
sensation  other  than  pain  precedes  the  local  symptoms.    Thus  in  one 
case  a  sense  of  coldness  preceded  the  atrophy  in  each  limb  that  was  [ 
attacked.    Weakness  and  wasting  usually  come  on  together  ;  sometimes 
one  and  sometimes  the  other  first  attracts  the  attention  of  the  patient. 
In  the  upper  part  of  the  arm  the  loss  of  power  is  usually  first  noticed, 
and  in  such  covered  parts  the  wasting  may  become  considerable  before 
it  is  discovered.    In  the  hand  the  wasting  is  often  first  noticed,  but 
sometimes  it  is  the  impairment  of  some  delicate  action,  such  as  writing, 
that  draws  attention  to  the  part.    The  affected  muscles  lose  their 
proper  shape,  and  there  is  flattening,  or  even  a  depression  where  there 
should  be  a  prominence.    If  a  patient  is  fat,  however,  the  wasting  may 
cause  at  first  very  slight  alteration  in  external  aspect. 

The  disease  commences  in  the  arms  in  nine  tenths  of  the  cases,  and  j 
as  frequently  in  one  arm  as  in  the  other.    It  begins  with  almost  equal  ^ 
frequency  in  the  hand  and  in  the  shoulder-muscles.    Fi-om  the  part 
first  affected  the  disease  spreads  to  other  parts  of  the  same  limb. 
Before  it  has  attained  a  considerable  degree  in  one  limb  it  usually 
shows  itself  in  the  corresponding  limb  on  the  other  side;  often  in 
the  muscles  corresponding  to  those  in  which  it  commenced,  sometimes 
m  those  affected  second  in  order  of  time.    As  the  muscles  waste,  the 
voluntary  power  is  lessened,  and  paralysis  results  of  various  character 
and  degree,  corresponding  to  the  atrophy.    In  the  hand,  the  thenar  i 
muscles  and  interossei  are  usually  the  first  to  suffer,  sometimes  one,  ' 
sometimes  the  other,  but  both  are  soon  involved  in  most  cases.  The 
thenar  eminence  becomes  flattened  ;  the  base  of  the  first  metacarpal 
bone  becomes  distinct  and  even  prominent.    Of  the  interossei,  -the  | 
atrophy  of  the  abductor  indicis  is  especially  conspicuous  ;  the  normal  f 
prominence  gives  place  to  a  hollow  beside  the  metacarpal  bone  when 
the  thumb  IS  abducted.    Depressions  form  between  the  metacarpal 
bones  on  the  back  of  the  hand,  and  also  between  the  flexor  tendons  in 
the  palm  m  consequence  of  the  wasting  of  the  lumbricales.  The 
forearm-muscles  may  be  next  involved,  the  flexors  usually  before  the 
extensors,  and  with  the  flexors  the  supinators  may  suffer  or  they  may 
escape  until  the  biceps  is  involved.    Occasionally  the  disease  begins  in 

*  '  Brnin,'  1884,  p.  334. 
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the  forearm,  and  then  especially  in  the  extensor  muscles.  The  several 
parts  of  the  long  flexors  or  extensors  may  suffer  unequally.  Of  the 
extensors,  those  to^vards  the  ulnar  side  usually  suffe.r  most.  The  exten- 
sors of  the  phalanges  of  the  thumb  are  usually- 
more  affected  than  that  of  its  metacarpal 
hone.  Of  the  shoulder-muscles,  the  deltoid 
is  generally  the  first  to  manifest  the  disease, 
and  in  some  cases  which  begin  in  the  hand 
the  deltoid  suffers  before  the  forearm-muscles. 
The  rounded  contour  of  the  shoulder  becomes  1 
changed,  and  the  head  of  the  humerus  can  be 
recognised  beneath  the  acromion.  The  wasting 
of  the  deltoid  is  soon  followed  by  that  of  the 
other  muscles  of  the  upper  arm  and  of  the 
scapula.  The  triceps  usually  suffers  less  and 
later  than  the  biceps,  but  sometimes  the  reverse 
is  the  case.  The  supra-  and  infra-spinati  are 
often  affected  with  the  deltoid. 

In  most  cases  the  wasting  early  involves  the 
muscles  of  the  back,  and  it  sometimes  begins 
in  them.  The  middle  and  lower  parts  of  the 
trapezius  usually  suffer  first ;  the  rhomboids  and 
erectors  of  the  spine  at  a  later  date.  The  affec-. 
tion  of  the  trapezius  is  readily  recognised  if  the 
patient  tries  to  put  the  shoulder  back.  The 
highest  part  of  the  trapezius  presents  a  .  re- 
markable indisposition  to  atrophy ;  it  often 
remains  intact  to-  the  last  and  then  may  con'-.' 
trast  with  the  wasting  below  it,  standing  out, 
on  each  side,  like  a  cord  passing  from  the  occi- 
put to  the  shoulder.  Hence  Duchenne  termed 
this  part  the  ultimum  moriens.  I  have,  how- 
ever, seen  two  otherwise  typical  cases  (one 
beginning  in  the  deltoids,  the  other  in  the 
hands)  in  which  the  highest  parts  of  the 
trapezei  suffered  before  the  middle  parts. 
The  levator  anguli  scapulae  also  generally 
escapes  even  when  all  the  muscles  about  it 
are  wasted.  The  serratus,  latissimus,  and 
pectorahs  major  are  usually  affected  later.  They  may  escape  whoUy 
or  in  part;  isolated  bundles  of  the  pectoralis  may  waste,  the 
intervening  parts  escaping,  or  either  the  upper  or  lower  part  of 
the  muscle  may  atrophy  alone.  According  to  the  affection  of 
the  muscles  that  are  attached  to  the  scapula,  the  position  of  the 
bone  changes,  and  it  becomes  rotated  under  the  influence  of  the  nius- 
cles  that  are  unaffected  and  unopposed.  The  muscles  that  extend 
the  head  on  the  spine  often  suffer  in  considerable  degree,  and  from  this 


Fia.  126.  —  Progressive 
muscular  atrophy. 
Wasting  of  the  mus- 
cles of  the  back  and 
arms  j  in  the  forearm 
scarcely  any  muscular 
tissue  can  be  recog- 
nised, and  in  the  hand 
all  the  muscular  pro- 
minences have  vanish- 
ed. (Drawn  by  Dr.  H. 
R.  Spencer.) 
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there  resists  a  difficulty  in  the  carnage  of  the  head  (Fig.  128).    It  is 
habitually  inclined  a  little  backwards,  so  as  to  balance  it  on  the  spine 
with  but  little  muscular  exertion  ;  if 
moved  forwards,  or  if  the  occiput 
is  touched,  it  falls  so  that  the  chin 
touches  the  chest.  It  can  be  brought 
back  into  its  former  position  only 
with  difficulty  ;  the  patient  has  to 
incline  the  trunk  backwards,  so  as 
to  bring  the  head  nearly  into  the 
vertical  position,  and  then,  with  a 
sudden  contraction  of  the  sterno- 
mastoids,  and  a  jerk,  the  head  goes  . 
back  into  its  former  posture.  The 
increased  innervation  of  the  weak 
extensors  of  the  head  often  causes 
a  synergic  over- action  of  the  fron- 
talis muscles,  which  are  normally 
associated  with  the  extensors  (so 
that  the  eyebrows  are  raised  when 


<4 

the  head  ^is  put  back  to  lookup-  Fig.  127.-P>ogressive  muscular  atrophy. 

"  "  Wasting  of  right  trapezius  coinplete 

(the  rhomboids  remaining),  of  the  left 
trapezius  partial.  On  each  side  the 
upper  part  of  the  trapezius  is  wasted, 
and  the  contour  of  the  neck  is  cor- 
respondingly changed.  Both  deltoids 
are  also  atrophied.  (Drawn  hy  Dr. 
Spencer.) 


im  ■  ■'mm.  ? 
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wards).   In  such  cases  the  wasting 
of  the  muscles  at  the  back  of  the 
neck  causes  the  skin  to  lie  in  trans- 
verse folds  when  the  neck  is  ex- 
tended. The  patient  may  be  unable, 
when  lying  in  bed,  to  move  the  head 
froin  side  to  side.  The 
sterno-mastoids  also  ai'e 
often  wasted ;  either  the 
sternal  or  clavicular  part 
may  be  most  affected.  In 
striking  contrast  to  the 
general  wasting  of  the 
neck  is  the  condition  of 
the  platysma  myoides, 
which  always  escapes,  and 
may   become  hypertro- 
phied  in  a  vain  attempt  f^ig.  128.— Prot., 


essive  muscular  atrophy.  "Weak- 


ness of  the  muscles  of  the  neck.    "(A")  habitual 
posture  of  the  head  inclined  backwards.    (B)  posi- 
tion into  which  it  falls  if  the  patient  attempts  to 
keep  it  in  the  normal  balance.    (Drawn  by  Dr 
Spencer.) 


at  compensation. 

The  muscles  of  respi- 
ration suffer  in  the  ma- 
jority of  cases,  and  their 
impairment  constitutes  a  grave  source  of  danger  to  life.    The  inter- 
costals  rarely  escape  altogether ;  the  diaphragm  is  involved  in  about 
one  third  of  the  cases,  and  when  it  is  attacked  quickly  loses  all  power 
so  that  the  respiration  is  carried  on  only  by  the  intercostals,  and 
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superior  thoracic  muscles.    On  the  other  hand,  the  intercostals  may 
suffer  much,  and  the  diaphragm  remain  free ;  respiration  is  then 
purely  abdominal  and  the  walls  of  the  thorax  may  be  almost  motionless 
in  breathing,  or  tbere  may  be  merely  a  slight  movement  of  elevation  of 
the  upper  ribs.    The  chest  becomes  flattened  in  front,  and  narrow  from 
before  back,  from  the  influence  of  atmospheric  pressure  on  the  ribs, 
unopposed  by  the  intercostals.    Either  the  upper  or  lower  intercostals  I 
may  suffer  most,  with  a  resulting  difference  in  the  relative  degree  of  ' 
movement  of  the  upper  or  lower  parts  of  the  chest.    In  cases  in  which  i 
the  diaphragm  is  paralysed,  the  upper  chest-muscles  often  suffer  more  ' 
than  the  lower;  there  is  then  a  compensatory  over-action  of  the  lower 
part,  and  the  increased  movement  of  the  lower  ribs,  carrying  forwards 
the  abdominal  wall,  may  suggest  that  the  diaphragm  is  acting  when 
it  is  not.    A  careful  examination  will  always  prevent  the  error.  The 
muscles  of  the  abdominal   wall  occasionally   waste,  but  far  less 
frequently  than  those  of  the  thorax. 

Wasting  in  the  legs  is  much  less  common  than  in  the  arms,  and  if 
it  occurs  is  usually  slighter  in  degree,  but  occasionally  the  disease  first 
manifests  itself  in  the  legs,  and  is  more  intense  in  them  than  elsewhere. 
The  glutei,  extensors  of  the  knee,  and  the  muscles  in  the  front  and 
on  the  outer  side  of  the  lower  leg,  are  those  that  are  most  affected. 
We  shall  presently  see,  however,  that  the  legs  are  often  paralysed/* 
when  they  are  not  wasted,  and  sometimes  they  are  the  seat  of  wasting' 
which  differs  in  certain  features  from  that  which  is  the  special 
characteristic  of  the  disease. 

The  face  ahnost  always  escapes  the  general  wasting,  and  its  normal jj 
appearance  may  present  a  striking  contrast  to  the  rest  of  the  body. 
In  many  cases,  however,  the  lips  are  paralysed  as  part  of  the  bulbar 
palsy  that  so  often  accompanies  the  spinal  disease.  A  remarkable 
case  in  which  the  face  shared  the  atrophy  of  the  limbs,  and  the  tongue 
escaped,  has  been  recorded  by  Langer.* 

As  the  wasting  progresses,  the  appearance  of  the  parts  in  which  it 
is  most  advanced  becomes  extremely  changed.  All  trace  of  muscle 
may  disappear  from  parts  of  limbs  or  even  from  an  entire  limb,  and 
there  is  usually  a  wasting  of  the  adipose  tissue  as  well  as  of  the  muscle, 
so  that  the  bone  seems  to  be  covered  only  by  fascia  and  skin.  The 
transverse  processes  of  the  vertebrae  may  be  felt  in  the  hollow  beside 
the  spine,  and  the  bony  prominences  about  the  shoulder  may  be  almost 
as  conspicuous  as  in  a  skeleton,  so  that  beneath  the  acromion  there  may 
be  a  groove,  into  which  the  finger  can  be  j)laced,  in  consequence  of  the 
descent  of  the  head  of  the  humerus  from  the  glenoid  cavity.  The 
unequal  affection  of  antagonistic  muscles  leads  to  vai-ious  contractions 
and  deformities.  In  the  hand,  especially,  distortion  is  apt  to  occur ; 
from  the  paralysis  of  the  interossei  and  the  contraction  of  the  longer  j 
flexor  and  extensor  muscles,  the  "  claw-like  hand"  develops  in  extreme  j 
degree  (Figs.  17  and  18,  p.  30).  If  all  the  muscles  of  a  part  are 
*  Meetmg  of  the  Vienna  Medical  Society,  March  I7th,  1882. 
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equally  and  simiiltaneously  affected,  no  deformity  results  unless  an 
unsujiported  part  yields  to  the  influence  of  gravitation.  Lordosis  is 
very  common  in  cases  in  which  the  trunk-  and  hip-muscles  are  involved. 
Its  precise  mechanism  is  not  alvsrays  clear,  but  it  is  certainly  often  the 
indirect  result  of  tbe  weakness  of  the  extensors  of  the  hip-joint,  in 
consequence  of  which  the  pelvis  is  unduly  inclined  forwards,  and 
carries  with  it  the  lower  lumbar  vertebrse  ;  the  upper  part  of  the  trunk 
has  then  to  be  carried  far  backwards,  to  bring  the  centre  of  gravity 
within  the  base  of  support.  The  evidence  of  this  mechanism  is  that 
the  lordosis  entirely  disappears  when  the  patient  sits,  and  the  pelvis, 
resting  on  the  ischial  tuberosities,  is  no  longer  inclined.  This  was 
the  case,  for  example,  in  a  woman  with  extreme  lordosis  from 
pi-ogressive  muscular  atrophy,  in  whom,  when  standing,  a  jjlumb  line 
from  the  seventh  cervical  spine  fell  three  inches  from  the  sacrum  and 
an  inch  and  a  half  from  the  buttock.  Sitting,  her  spine  was  perfectly 
straight. 

The  electrical  irritability  of  the  wasted  muscles  presents  changes 
which  vary  in  character  in'  different  cases.     When  the  wasting  is  ,1 
slow,  there  is  usually  a  diminution  in  both  faradaic  and  voltaic  irri-  f 
tability,  similar  in  character  to  each  current.    The  irritability  fails 
with  the  muscular  nutrition,  and  when  the  wasting  is  great  only  a 
slight  contraction   can  be  obtained,  even  with  a  strong  current. 
When  the  wasting  is  extreme,  irritability  at  last  becomes  extinct, 
but  the  voltaic  irritability  of  the  muscular  fibres  persists  longer  than 
the  faradaic  irritability,  and  a  strong  voltaic  current  will  often  cause 
a  slight  contraction  long  after  faradaism,  in  any  strength  that  can  be 
borne,  fails  to  stimulate  the  muscle.    In  such  cases,  the  quality  of  the 
voltaic  irritability  may  be  normal,  but  often  there  is  a  change  in  the 
order  of  reactions.     ACC  (anodal  closure  contraction)  occurs  as 
readily,  or  more  readily,  than  KCC.    Tetanic  contraction  during  the 
passage  of  the  current  is  produced  with  undue  readiness,  compared 
with  the  closure  contractions,  and  opening  contractions  are  often 
caused  by  currents  but  little  stronger  than  those  that  cause  closure 
contractions.    Thus  there  is  the  qualitative,  without  the  quantitative  I 
character  of  the  reaction  of  degeneration  (see  p.  45).    When  the  | 
wasting  is  rapid,  and  especially  when  the  weakness  comes  on  more 
rapidly  than  nutrition  fails,  there  may  be  considerable  diminution  of 
faradaic  irritability,  while  that  to  voltaism  is  but  little  lower  than 
normal,  and  in  such  cases  the  qualitative  change  is  often  well  marked. 
Lastly,  when  there  is  rapid  and  considerable  paralysis  developing  in 
the  course  of  a  few  days,  either  at  the  onset  or  during  the  course  of 
the  disease,  the  palsy  being  followed  by  rapid  wasting,  there  may  be 
quick  extinction  of  faradaic  with  actual  exaltation  of  voltaic  irrita- 
bility, and  the  reaction  of  degeneration  may  be  present,  in  all  its 
characteristics. 

The  mechanical  irritability  of  the  muscles  is  considerably  increased  ; 
a  tap  causes  a  local  contraction  of  the  fibres  struck.  Moreover, 
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spontaneous  flickering  contractions  of  parts  of  tlie  muscles  are  very 
common,  now  of  one  bundle,  now  of  another,  conspicuous  to  the  eye, 
although  scarcely  felt  by  the  patient.  This  "  fibrillation "  as  it  is 
termed,  is  so  frequent  as  to  be  characteristic,  but  it  is  not  invariable, 
nor  is  it  confined  to  this  disease.  It  may  sometimes  be  observed  in  mus- 
cles that  are  not  yet  invaded  by  the  wasting,  but  where  it  is  observed, 
atrophy  usually  follows. 

In  the  parts  affected  by  the  characteristic  wasting  all  reflex  action  is 
abolished,  clearly  in  consequence  of  the  damage  to  the  motor  part  of  the 
reflex  arc  ;  the  afferent  portion  of  the  arc  is  unaffected,  for,  as  we  shall 
see,  there  is  no  loss  of  sensation.  The  myotatic  irritability  ("  tendon- 
reflex  action  ")  is  also  lost,  and  lost  early.  The  knee-jerk,  for  instance,, 
disappears  as  soon  as  there  is  even  a  slight  diminution  in  the  bulk  of  I 
the  thigh- muscles,  in  cases  in  which  the  legs  are  the  seat  of  primary  ' 
wasting.  The  muscles  are  flaccid  and  toneless  ;  a  condition  that  may 
be  conveniently  termed  "  atonic  atrophy."  To  this  common  rule, 
however,  exceptions  are  sometimes  met  with  ;  there  may  be  from  the 
first  rigidity  of  the  affected  muscles.  When  this  is  the  case,  the  wasting 
does  not  go  on  to  the  entire  destruction  of  the  muscle  ;  it  is  often 
trifling,  but  may  be  considerable.  With  this  rigidity  there  is  a 
preservation  of  myotatic  irritability.  We  may  term  this  "tonic 
atrophy."  There  is  thus  a  marked  contrast  in  the  two  conditions  ;  we 
shall  presently  consider  the  difference  more  fully.* 

Sensory  symptoms  are  usually  slight  and  always  subordinate.  They 
are  confined  to  pain,  usually  dull  and  rheumatoid  in  character,  felt 
chiefly  in  the  limbs  in  which  the  malady  is  most  active.  Such  pains 
are  common  at  the  onset,  as  we  have  already  seen,  and  they  may  recur 
from  time  to  time  during  the  course  of  the  disease.  Sometimes  vague 
feelings  of  "  numbness  "  or  "  deadness"  are  complained  of,  but  cuta- 
neous sensibility  is  never  impaired.  (When  anaesthesia  accompanies 
muscular  wasting  both  symptoms  are  due  either  to  chronic  meningitis, 
damaging  the  nerve-roots,  or  to  disseminated  focal  myelitis.)  Nor  do 
the  muscles  lose  such  sensibility  as  they  normally  possess.  Perception 
of  posture  persists,  and  the  muscles  are  not  only  sensitive  to  pressure, 
but  are  often  more  sensitive  than  in  health,  not  only  to  pressm-e  but 
also  to  extension. 

When  the  arms  are  the  seat  of  such  atrophy  as  has  teen  described, 
the  legs,  if  not  also  wasted,  may  be  normal,  but  they  are  often  paralysed 
mthout  being  wasted.  The  loss  of  power  comes  on  slowly  and 
gradually,  and  is  accompanied  by  an  increase  of  myotatic  irritability. 
The  knee-jerk  is  excessive,  a  clonus  can  readily  be  obtained,  and  the 

*  It  should  be  noted,  however,  that  in  the  muscles  that  are  the  seat  of  flaccid 
wasting,  when  the  atrophy  has  attained  an  extreme  degree,  slight  rigidity  may 
develop,  accompanied  by  considerable  tenderness  of  the  muscle.  It  is  probable  that 
this  rigidity  is  idiopathic,  and  due  to  the  structural  changes  in  the  muscles,  presently 
to  be  described.  This  condition,  which  should  be  distinguished  from  the  initial 
rigidity,  is  rare :  the  early  relaxation  is  usually  maintained  to  the  last. 
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reflex  over-action  of  the  muscles  may  increase  to  actual  rigidity  and 
spasm,  so  that  there  is  the  condition  of  spastic  paraplegia  described  in 
a  preceding  chapter.    It  is  rare,  however,  for  the  spasm  to  reach  the 
higher  degree  of  intensity,  and  for  the  muscles  to  present  the  massive 
firmness  that  characterises  the  simple  form  of  spastic  paraplegia.  On 
the  other  hand  there  is  often  some  diminution  in  the  size  of  the 
muscles,  and  thus  we  have  a  gradation  to  the  condition  of  tonic 
atrophy  just  described.    In  this  condition,  moreover,  there  is  usually 
only  a  moderate  diminution  in  electrical  excitability,  which  does  not 
go  on  to  extinction.    The  one  condition  does  not  seem  to  pass  into  the 
other ;  the  rigidity  and  myotatic  excess  does  not  give  place  to  muscular 
relaxation ;  atonic  atrophy  does  not  succeed  the  tonic  wasting.  In 
very  rare  cases,  of  which  I  have  seen  a  few  instances,  there  is  a  similar 
condition  in  the  hands,  when  the  shoulders  are  the  seat  of  simple 
atonic  atrophy.    The  forearms  are  then  rigid,  moderately  wasted,  with 
myotatic  excess,  while  the  muscles  of  the  shoulders  are  extremely 
wasted  and  absolutely  flaccid.    In  still  more  rare  cases,  the  whole  arms 
are  thus  affected,  are  thin  and  rigid,  and  in  no  part  is  there  atonic 
atrophy. 

In  one  remarkable  case  of  this  character  the  muscles  of  the  tnink 
participated  in  the  spasm.  After  coughing  or  yawning  respiration 
would  be  checked  for  a  few  seconds  by  general  spasm,  and  whenever 
the  patient  was  raised  from  the  bed,  the  arms,  legs,  back,  and  neck 
became  stiff  in  tetanoid  rigidity,  the  head  being  bent  backwards. 

The  extreme  emaciation  of  the  most  affected  parts  shows  that  the  j 
adipose  tissue  wastes  as  well  as  the  muscles.  The  atrophied  limbs  are  j 
usually  cold  and  may  be  livid  or  pale,  but  there  is  no  tendency  to  acute 
vaso-motor  disturbance  in  the  ordinary  form  of  the  disease.  I  have 
known  the  skin  of  the  face  to  become  thin  and  smooth,  so  that,  in  one 
instance,  the  dark  iris  could  be  seen  through  the  closed  eyelids,  but 
such  a  change  is  quite  exceptional.  In  another  patient  there  was  a 
very  remarkable  form  of  local  atrophy.  Certain  areas  of  muscles 
underwent  wasting,  the  rest  being  normal ;  the  affection  commenced 
by  a  livid  discolouration  of  the  skin,  and  the  wasting  seemed  to  involve 
the  skin,  subcutaneous  tissue  and  muscle,  causing  local  depressions. 
Considerable  tracts  of  the  trapezii  were  thus  affected,  and  smaller 
spots  in  the  arms  and  legs.  The  patient  was  a  single  woman  of 
thirty-five,  and  the  disease  did  not  show  a  strongly  progressive  ten- 
dency. 

The  functions  of  the  sympathetic  are  not,  as  a  rale,  deranged.  Dila- 
tation  or  contraction  of  one  pupil  has  been  frequently  observed,  chiefly 
in  association  with  atrophy  of  the  muscles  that  are  supplied  from  the 
lower  part  of  the  cervical  region,  and  no  doubt  depends  on  the  disease 
of  the  spinal  cord,  and  not  of  the  sympathetic  itself.  The  reflex  action 
of  the  iris  is  usually  normal,  and  optic  nerve  atrophy  never  occurs. 
I  have  once  met  with  a  remarkable  reflex  fixation  of  the  eyeballs  in  a 
case  of  advanced  progressive  muscular  atrophy.    If  the  patient,  looking 
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to  one  side,  was  suddenly  told  to  look  at  an  object  on  tlie  other  side, 
his  head  was  instantly  turned  towards  the  second  object,  while  the 
eyes  remained  fixed  on  the  first,  by  a  movement  corresponding  to  that 
of  the  head,  but  in  the  opposite  direction,  and  then,  after  a  few  seconds, 
they  were  slowly  moved  towards  the  second  object.  The  phenomenon 
continued  to  the  end  of  the  patient's  life.* 

The  visceral  functions  are  usually  little  disturbed.  Sexual  power  is 
often  lost.  The  sphincters  rarely  suffer.  Even  when  the  wasting  is 
general  and  extreme  they  maybe  unaffected,  but  occasionally  they  are 
involved,  and  they  may  even  suffer  early.  In  other  cases,  in  which  the 
legs  become  weak  after  the  wasting  sets  in  in  the  arms,  the  affection 
of  the  sphincters  may  coincide  with  that  of  the  legs.  In  the  compo- 
sition of  the  urine  slight  changes  have  been  found,  but  not  constantly. 
Urea  has  been  increased  in  some  cases,  lessened  in  others. f  The 
quantity  of  lime  has  been  found  to  be  increased  (Fromman),  that  of 
kreatin  diminished,  even  to  one  tenth  of  the  normal  (Rosenthal, 
Lauger).  The  lungs  may  suffer  from  the  impairment  of  breathing 
power,  when  the  intercostals  and  diaphragm  are  weakened. 

Varieties. — The  chief  varieties  of  the  disease  depend  on  the  relative 
distribution  of  the  three  conditions :  (1)  atonic  atrophy,  becoming 
extreme,  (2)  muscular  weakness  with  spasm,  but  without  wasting,  or 
with  only  slight  wasting,  and  (3)  tonic  atrophy,  rarely  extreme  in 
degree,  with  myotatic  excess.  The  commonest  condition  is  to  have 
atonic  atrophy  in  the  arms  and  upper  part  of  the  trunk,  with  simple 
weakness  and  spasm  in  the  legs.  Atonic  atrophy  in  both  arms  and 
legs  is  less  common,  and  the  least  common  is  tonic  atrophy  alone,  in 
the  arms,  or  universal.  The  last  is,  indeed,  extremely  rare.  It  is 
important  to  note,  however,  that  these  conditions  may  coexist  in  every 
degree  and  combination  ;  between  universal  atonic  atrophy  on  the  one 
hand,  and  universal  spastic  paralysis  without  wasting  on  the  other, 
there  is  every  gradation.  The  latter  does  not  come  into  the  category 
now  under  consideration,  but  similar  cases  are  met  with  in  which  there 
is  atrophy  of  a  few  muscles,  as,  for  instance,  of  the  hands  only,  which 
complete  the  series. 

Complications. — Progressive  muscular  atrophy  is  occasionally  accom- 
panied by  the  symptoms  of  some  other  degenerative  disease  of  the 
spinal  cord.  The  paralysis  with  spasm,  already  described,  can 
scarcely  be  regarded  as  a  complication  ;  it  is  rather  part  of  the  disease, 
and  its  relation  to  the  other  symptoms  will  be  considered  when  we 
discuss  the  pathology  of  the  affection.  In  rare  cases  muscular  atrophy 
in  the  arms  is  accompanied  by  the  symptoms  of  locomotor  ataxy  in 

*  As  I  pointed  out  in  an  account  of  this  curious  condition  ('  Brain,'  vol.  i)  it  is 
interesting  evidence  of  a  normal  reflex  mechanism  in  the  fixation  of  the  eyes,  which 
was,  as  it  were,  isolated  by  disease,  which  lessened  voluntary  control  over  it. 

f  In  a  patient  who  weighed  7  st.  13  lbs.,  and  whose  urine  varied  between  760  and 
960  cubic  centimetres,  1  found  the  daily  excretion  of  urea  to  vary  between  10-7  and 
15  grammes,  the  average  being  13  grammes.  This  is  just  half  the  normal  average 
for  a  man  of  that  weight,  which  would  be  (accordiug  to  Parkes),  24  grammes. 
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the  legs.  By  far  the  most  frequent  complication  is  bulbar  paralysis, 
weakness  of  the  lips,  tongue,  pharynx,  and  often  of  the  laryngeal 
muscles.  It  is  the  expression  of  a  degenerative  process  in  the  medulla, 
similar  to  that  which,  in  the  spinal  cord,  causes  the  affection  of  the 
limbs.  It  may  come  on  at  any  stage  of  the  disease,  may  precede  the 
spinal  symptoms,  or  only  come  on  when  these  have  attained  a  con- 
siderable degree.  In  characters,  the  bulbar  palsy  may  resemble 
perfectly  that  which  occurs  in  isolated  form  and  will  be  described 
among  the  diseases  of  the  brain.  Frequently,  however,  there  is  but 
little  paralysis  of  the  tongue,  even  when  swallowing  and  articulation 
are  much  impaired.  There  may  also  be  slight  interference  with 
articulation  when  there  is  no  marked  bulbar  palsy.  A  minor  compli- 
cation is  the  neuralgic  pain,  which,  as  already  stated,  is  sometimes 
troublesome  in  the  early  stage  of  cases  that  are  due  to  cold.  In  several 
patients  I  have  known  headache  to  be  frequent  and  severe  throughout 
the  course  of  the  disease. 

Cotirse.— The  malady,  in  most  cases,  is  steadily  progressive,  as  its 
name  implies,  but  in  the  rate  of  its  progress  it  varies  in  different  cases, 
and  in  the  same  case  at  difierent  periods.    It  may,  moreover,  become 
stationary  at  any  period  in  its  course,  and  when  once  actually  arrested  J 
it  does  not  usually  again  become  active.    Unfortunately,  the  tendency 
to  cessation  is  greatest  in  the  later  stages  of  the  disease,  when  there  is 
little  except  life  to  be  preserved.    Sometimes  progress  ceases  at  an 
earher  stage,  and  chiefly,  I  think,  in  those  cases  in  which  the  atrophy  is 
strictly  symmetrical,  and  develops  simultaneously,  or  almost  simulta- 
neously, on  the  two  sides.  Thus  I  have  met  with  several  cases  in  which 
there  was  symmetrical  wasting  in  the  two  hands,  or  in  certain  muscles 
of  the  two  forearms  or  of  the  two  upper  arms,  and  in  which  the  atrophy, 
after  attaining  a  considerable  degree  in  its  limited  seat,  had  become 
stationary  and  continued  so.    Occasionally  some  accessory  symptom 
may  pass  away,  although  the  atrophy  progresses.    Thus  I  have  known 
power  over  the  sphincters,  at  first  lost,  to  be  regained  in  spite  of  the 
steady  advance  of  other  symptoms. 

When  the  progress  at  the  commencement  is  rapid,  it  usually 
contmues  rapid,  until  the  disease  has  attained  a  wide  extent.  "When 
it  begins  slowly,  it  may  continue  to  be  slow  throughout,  or  may,  after 
a  time,  become  accelerated. 

Although  the  disease  sometimes  commences  in  the  second  arm  very 
soon  after  its  onset,  it  more  commonly  makes  some  progress  in  its 
primary  seat  before  beginning  on  the  second  side,  and  the  interval  that 
elapses  varies  with  the  rate  of  extension.  It  often  happens  that  a 
year  mtervenes  between  the  affection  of  the  two  arms,  and  I  have 
known,  m  a  very  chronic  case,  the  atrophy  to  slowly  progress  in  one 
arm  for  seven  years  before  it  showed  itself  in  the  other.  It  is  not 
common  for  the  arms  to  be  reduced  to  practical  helplessness  in  less 
than  two  or  three  years,  but  the  hands  may  become  useless  in  as  short  a 
time  as  six  months,  while  in  one  case  the  wasting,  commencing  at  the 
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slioulder,  hud  invaded  the  whole  arm  in  the  course  of  a  month.  The 
shortest  time  iti  which  I  have  known  a  patient  to  reach  the  last  stage 
of  the  disease  is  nine  months. 

With  any  rate  of  general  progress,  the  otherwise  uniform  course  of 
the  disease  may  be  broken  by  the  occurrence  of  almost  sudden  palsy 
in  a  certain  group  of  muscles.  Considerable  loss  of  power,  it  may  be 
absolute  paralysis,  comes  on  in  a  few  days,  or  even  in  a  few  hours.  It 
may  occur  at  the  onset  of  the  affection.  The  extensors. of  the  wrist 
and  fingers  are  the  muscles  most  commonly  thus  affected.  The  weak- 
ness is  usually  followed  by  a  well-marked  degenerative  reaction  in  the 
muscles.  In  one  case,  which  began  by  such  subacute  paralysis  of  the 
extensor  muscles,  first  in  one  arm  and  then  in  the  other,  the  initial 
condition  closely  resembled  the  paralysis  from  lead-poisoning.  This 
cause  was,  however,  excluded,  and  soon  the  muscles  of  the  shoulder 
and.  back  presented  commencing  slow  progressive  atrophy.  In  another 
case  the  quick  loss  of  power  was  confined  to  the  extensors  in  one  arm, 
which  were  already  weak  and  slightly  wasted,  most  of  the  other 
muscles  of  the  upper  limbs  having  been  long  atrophied.  When  there 
is  weakness  of  the  legs,  without  wasting,  the  onset  of  this  may  coincide 
with  the  atrophy  of  the  arms,  or  may  succeed  it  at  any  interval.  In  one 
case  five  years  elapsed,  after  the  arms  began  to  waste,  before  the  legs 
became  weak.   It  is  very  rare  for  the  paraplegic  weakness  to  occur  first. 

The  chief  danger  to  life  is  from  pulmonary  maladies,  rendered 
grave  from  the  weakness  of  the  muscles  of  respiration.  The  common 
complication  of  bulbar  paralysis  is  another  frequent  cause  of  death, 
either  by  the  interference  with  swallowing  and  nutrition  or  by  the 
laryngeal  paralysis.  Less  commonly  death  results  from  bedsores  and 
septicaemia,  or  from  intercurrent  maladies. 

Pathological  Anatomy. — The  wasting  of  the  muscles  is  as  evident 
after  death  as  during  life.  They  are  reduced  in  size  and  pale  in 
colour.  Sometimes  there  is  little  in  the  tint  of  what  remains  to 
suggest  muscular  tissue.  Parts  of  a  muscle  may  be  hardly  dis- 
tinguishable from  adjacent  fat.  On  the  other  hand  the  bulk  of  the 
muscle  may  be  dark,  and  pale  streaks  in  it  may  mark  the  position  of 
local  degeneration.  Under  the  microscope  the  fibres  present  various 
changes,  and  of  these  four  are  well  defined.  (1)  There  may  be  simple 
narrowing  of  the  fibres,  without  any  considerable  change  in  their 
striation  (Pig.  129)  although  the  striae  often  seem  to  be  further  apart 
than  normal,  and  sometimes  the  fibrillary  segmentation  is  unusually 
distinct.  (2)  Simple  fatty  degeneration,  in  which  the  transverse 
striation  gives  place  to  a  granular  appearance  (Fig.  130),  the  granules 
become  larger  and  fewer  (Pig.  129)  until  ultimately  distinct  globules 
are  scattered  through  the  sheath.  Where  the  muscle  resembles  fatty 
tissue  to  the  naked  eye,  the  microscope  may  show  only  sarcolemma 
sheaths  containing  groups  of  globules.  (3)  Muscular  fibres  are  seen  in 
which  the  sheath  contains  only  a  clear  material  enclosing  a  few  fatty 
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globules,  and  a  few  transverse  striae,  faint,  as  if  fading  away.  It  is 
probable  that  this  is  not  the  result  of  fatty  degeneration  but  of  a 
different  process,  which  has  been  termed  "  vitreous  degeneration," — a 
sort  of  dissolution  of  the  striae,  indicated  by  the  appearance  of  such 
fibres  as  are  shown  in  Figs.  129,  131,  132.  (4)  A  longitudinal 
striation  develops  in  the  fibre,  and  at  first  co-exists  with  the  trans- 
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Fig.  132. 


FiBEES  OF  Wasted  Musclks  in  Peogressive  Mttsculae  Ateophy. 

a  i^v'r^^l\^^^T°^f  f^'^^V^y  ""^'^l  =  otliers  clear,  containing 

llZ  fJ^t  f  i  Tv  ""-^Z  ^-'"^  transverse  stride,  and  some  longitudinal  striation  : 

Ir/i        n  ^°terstitial  tissue  in  front  of  one  narrowed  fibre. 

oV"     i"?     -^f  8^,«."ei;ation  :  a  fibre  with  normal  transverse  striation  presents 

Fm  T  «trJ«tion.    Increase  of  nuclei  of  interstitial  tissue 

a  f  pw  f!;   i7>.  1  °  ''"^  ""'^  presenting  the  clear  homogeneous  aspect  with 

a  tew  fat  globules  and  some  faint  striation.  ^ 

—Several  fibres  similar  to  that  of  the  last  figure,  with  globules  of  fat 
between  them.  On  the  right  is  a  fibre  which  has  undergone  complete  lonStudinal 
SSsHr  fit""^-'^'  stri.  having  disappeared,  so  that^it  resembles  the  iS^^ 
interstitial  fibrous  tissue.  Other  fibres  in  the  same  muscle  were  in  intermediate  stages 
of  degeneration,  some  transverse  striation  coexisting  with  the  Ion gituS  striation 

verse  striation,  but  ultimately  the  latter  becomes  indistinct,  and  the 
fibre  looks  hke  a  fasciculus  of  longitudinal  connective-tissue  fibres 
(J^ig.  132).  Sometimes,  with  the  longitudinal  striation,  the  fibre 
presents  a  transverse  striation  very  much  finer  than  normal,  the  striae 
being  narrower  and  nearer  together  as  if  from  a  division  of  the 
Barcous  elements."    This  change  may  sometimes  be  seen  alone,  and 
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may  be  present  in  only  one  part  of  a  fasciculus.  Thus  at  one  ])lace 
the  number  of  striso  in  -j^jVit  ^^^'^^  ^^^J  seven,  while  in  another 
resion  of  the  same  fasciculus  seventeen  were  to  be  counted  in  the  same 
space.  A  tendency  to  transverse  fissuring  has  also  been  described, 
but  this  is  probably  artificial.  Fatty  globules  accumulate  between  the 
fibres  (Fig.  132)  accompanied  in  some  cases  with  granules  and  masses 
of  reddish-brown  pigment.  There  is  often  also  an  increase  of  the 
nuclei  (Fig.  130)  and  sometimes  of  the  fibres  of  the  interstitial  tissue. 
Two  or  three  rows  of  nuclei  may  lie  between  the  fibres.  The  capil- 
laries may  be  dilated  and  distended.  It  is  very  common  to  see 
muscular  fibres  that  are  much  altered  side  by  side  with  others  that 
present  a  nearly  normal  appearance.  Ultimately  the  sheaths  become 
empty,  and  shrink,  and  may  be  scarcely  distinguishable  from  the 
interstitial  fibrous  tissue. 

The  peripheral  nerves  contain  many  degenerated  nerve-fibres,  and 
the  terminal  branches  for  the  muscles  a  still  larger  number.  If  the 
nerves  are  traced  up  to  the  cord  it  is  found  that  the  degenerated  fibres 
come  only  from  the  anterior  roots.  These  are  conspicuously  changed 
to  the  naked  eye,  small  and  grey.  They  may  resemble  fine  threads  of 
connective  tissue,  and  under  the  microscope  no  nerve-fibres  may  be 
found  in  them,  or  only  a  few  may  remain  of  normal  aspect,  the  rest 
being  in  various  stages  of  degeneration  or  represented  only  by  their 
empty  sheaths.  The  degree  of  affection  of  the  anterior  roots  corre- 
sponds to  the  wasting  in  the  parts  supplied  by  them.  The  posterior 
roots  are  normal. 

The  spinal  cord  is  often  softer  than  natural  at  the  affected  part,  and 
the  white  substance  of  the  lateral  columns  may  be  conspicuously 
translucent  in  aspect,  especially  in  the  cervical  enlargement.  Under 
the  microscope  morbid  changes  are  seen  in  the  anterior  cornua,  and 
also,  in  most  cases,  perhaps  in  all,  in  the  antero-lateral  white  columns. 
The  change  in  the  anterior  cornua  corresponds  in  its  intensity  to  the 
origin  of  the  nerves  to  the  most  affected  parts,  and  since  the  latter 
are  usually  the  arms,  the  disease  is  generally  most  intense  in  the 
cervical  enlargement.  In  stained  sections  the  grey  matter  of  the  horn 
is  less  deeply  tinted  than  normal,  but  in  some  parts  it  may  stain  more 
deeply,  especially  in  the  circumference  of  the  cornu  and  the  processes 
of  grey  matter  which  project  into  the  white  column.  Occasionally 
larger  areas  have  a  dense  aspect  and  stain  deeply,  but  the  central  part 
of  the  cornu  is  generally  pale  and  more  translucent  than  normal. 
Most  of  the  large  nerve-cells  have  disappeared ;  many  entirely,  while 
others  may  be  represented  only  by  small  angular  bodies.  In  many 
instances  not  a  single  large  cell  can  be  seen  in  a  section  which,  in  a 
normal  cord,  would  contain  a  large  number.  Frequently,  however,  a 
few  large  cells  can  still  be  seen,  but  most  of  these  have  lost  their 
processes  and  are  more  globular  than  normal.  The  interstitial  tissue 
is  also  changed.  The  nerve  fibrilljE  waste  with  the  cells,  and  there  is 
an  increase  of  the  small,  angular,  and  stellate  cells  and  other  connective- 


OHRONIO  MUSCULAR  ATROrHY. 


371 


tissue  elements.  The  larger  vessels  are  dilated  and  surrounded  by 
wider  spaces  than  noi-mal,  but  there  is  no  considerable  distension  of 
tlie  capillaries.  The  cornu  as  a  whole  is  not  usually  changed  either  in 
size  or  shape.    Similar  alterations  may  be  traced  through  the  dorsal 
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region  In  the  lumbar  enlargement,  the  grey  matter  may  be  normal, 
even  when  it  is  much  altered  in  the  cervical  region,  but  if  the  legs  are 
wasted  there  are  changes  similar  to  those  already  described.  When 
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the  atrophy  begins  in  the  legs,  the 
disease  may  be  more  intense  in  the 
lumbar  than  in  the  cervical  en- 
largement ;  but  more  often  the 
degeneration  is  slighter,  and  a 
larger  number  of  normal  or  slightly 
changed  cells  can  be  seen.  Some- 
times certain  groups  of  cells  are 
little  affected  while  others  are 
much  atrophied.  The  degenera- 
tion may  involve  to  some  extent 
the  intermediate  grey  matter  be- 
tween the  cornua,  but  here  it 
ceases ;  the  posterior  horn  is  always 
normal. 

There  is  distinct  degeneration 
of  the  anterior  root-fibres  pass- 

FlG.  135. — Progressive  muscular  atrophy  ; 
degeneration  of  the  anterior  cornua 
and  pyramidal  tracts.  A,  medulla 
oblongata,  complete  degeneration  of 
the  anterior  pyramids  AP;  B,  at  the 
upper  part  of  the  decussation  of  the 
pyramids;  B,  the  decussation  of  the 
degenerated  fibres ;  A  P,  the  pyramids, 
still  incomplete.  C,  cervical,  D,  dor- 
sal, E,  lumbar  sections.  The  dege- 
neration of  the  anterior  o^pnua  is  com- 
plete in  C,  but  in  E  a  few  cells  remain, 
for  the  most  part  without  processes. 
In  C  and  D  the  degeneration  of  both 
anterior  and  lateral  pyramidal  tracts 
is  conspicuous;  in  E  the  anterior  tract 
has  ceased,  and  the  lateral  tract  ex- 
tends up  to  the  surface  of  the  cord, 
from  which  it  is  separated  in  C  and  D 
by  the  undegenenited  direct  cerebellar 
tract.  In  C  and  D  the  degeneration 
extends  forwards  in  front  of  the  lateral 
pyramidal  tract,  but  gradually  ceases. 
The  fibres  of  the  anterior  commissure 
are  also  degenerated.* 

*  In  this  case  the  arms  were  greatly 
wasted  and  flaccid;  the  legs  were  para- 
lysed, rigid,  with  moderate  wasting.  The 
muscles  of  the  back  were  also  atrophied. 
In  the  arms  the  weakness  and  wasting 
came  on  at  the  same  time,  in  the  right 
arm  some  time  before  the  left.  The 
shoulder-muscles  suffered  first,  but  the 
atrophy  quickly  spread,  and  was  ulti- 
mately extreme  in  the  muscles  of  the 
shoulders,  forearms,  and  hands.  The 
disease  ran  a  rapid  course;  death  oc- 
curred two  years  after  the  gradual  onset. 
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ing  from  the  cornu  through  the 
anterior  column.  A  few  fibres 
may  remain,  but  whole  fasciculi 
appear  to  be  replaced  by  fibrous 
tissue.  There  is  also  degenera- 
tion of  the  fibres  of  the  anterior 
commissure,  in  consequence  of 
Avhich  it  stains  much  more  deeply 
than  normal,  in  the  regions  in 
which  the  grey  matter  is  con- 
siderably diseased. 

In  the  white  columns  there  is 
usually  considerable  and  often 
almost  complete  degeneration  of 
the  pyramidal  tracts,  anterior 
and  lateral*  The  area  of  scle- 
rosis, resulting  from  the  de- 
generation of  the  two  tracts, 
varies  in  extent  according  to  the 
size  of  the  anterior  tract  and 

Fig.  136. — Progressive  muscular  atro- 
phy. A,  medulla  oblongata ;  degene- 
ration of  the  anterior  pyramids  A  P. 
B,  cervical,  C,  first  dorsal,  D,  first 
lumbar,  E,  mid-lumbar  sections.  The 
nerve-cells  have  disappeared  from 
the  anterior  cornua,  except  in  in 
which  a  few  remain.  There  is  com- 
plete degeneration  of  the  pyramidal 
tracts,  anterior  and  lateral.  The  de- 
cussation at  the  medulla  was  unequal 
in  this  case;  of  the  left  pyramid 
fewer  fibres  crossed  than  of  the  right, 
and  hence  the  left  anterior  pyramidal 
tract  is  larger,  while  the  right  lateral 
tract  is  smaller  than  normal,  and, 
moreover,  has  ceased  at  the  middle  of 
the  lumbar  enlargement,  to  which 
the  left  anterior  tract  extends.f 

*  I  have  not  yet  met  with  a  single 
case  of  progressive  muscular  atrophy 
in  which  the  pyramidal  tracts  were  un- 
affected, and  I  am  not  aware  that  any 
case  of  the  kind  has  been  published 
since  attention  was  directed  to  the 
affection  of  these  tracts  by  the  re- 
searches of  Charcot. 

t  The  patient  was  a  man  forty-eight 
years  of  age.  The  disease  followed  a 
severe  exposure  to  cold.  The  wasting 
of  the  arms  was  extreme,  and  they  were 

weattte  losTofr"  ''''  ™  """^  '^'^  ^'^''"^  — '  very 

weak,  the  loss  of  power  being  out  of  proportion  to  the  wasting. 
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to  the  distance  wbicli  it  extends  down  the  cord.    In  Fig,  136  this 
is  illustrated  in  an  unusual  manner  in  consequence  of  an  inequality 
in  the  decussation  of  the  pyramids  at  the  medulla,  fewer  fibres  of  the 
left  pyramid  having  crossed  than  of  the  right,  so  that  the  left  half  of 
the  cord  contains  more  than  its  proper  share  of  the  fibres,  and  the 
anterior  tract  extends  into  the  lumbar  region  even  further  than  does 
the  lateral  tract.    Where  the  direct  cerebellar  tract  exists,  this,  always 
unaffected,  limits  the  sclerosis  of  the  lateral  tract  on  the  outer  side. 
On  the  inner  side,  the  "lateral  limiting  layer  "  (see  p.  122)  is  usually 
much  less  degenerated  than  the  pyramidal  tract,  and  intervenes  be- 
tween the  latter  and  the  grey  matter,  but  this  layer  suffers  in  some 
degree.    The  sclerosis  does  not  cease  at  the  anterior  extremity  of 
the  pyramidal  tract,  but  extends  forward  in  the  "  mixed  zone  "  of  the 
lateral  column,  lessening  in  intensity,  and  ceasing  usually  opposite  the 
outer  part  of  the  anterior  cornu.    It  is  here  most  intense  close  to  the 
grey  substance,  and  ceases  before  it  reaches  the  surface  of  the  cord,  the 
anterolateral  ascending  tract  being  unaffected.    It  is  probable  that 
this  sclerosis  is  due  to  the  degeneration  of  the  short  vertical  fibres  that 
pass  between  adjacent  regions  of  the  anterior  cornu,  and  which  share 
the  degeneration  of  the  nerve-cells.     Occasionally  this  sclerosis 
extends,  in  slighter  degree,  into  the  anterior  columns.    The  posterior 
columns  are  always  free  from  definite  degeneration,  but  occasionally 
there  is  some  general  increase  of  connective  tissue  throughout  the 
whole  cord.    The  degeneration  of  the  pyramidal  tracts  is  usually  con- 
siderable in  degree,  and  often  most  of  their  fibres  seem  to  have  perished. 
If  it  is  incomplete  in  the  cervical  region  it  may  be  slight  in  the  lower 
part  of  the  cord,  the  degenerated  fibres  being  chiefly  those  that  end 
in  the  cervical  enlargement  and  dorsal  region.    When  the  sclerosis  is 
intense  it  is  not  confined  to  the  cord ;  it  can  be  traced  up  through  the 
decussation  (Fig.  136,  b)  and  through  the  medulla  oblongata,  in  which, 
as  Figs  135  and  136  show,  the  whole  of  both  pyramids  may  be  degene- 
rated, so  that  they  stain  deeply,  and  no  nerve-fibres  can  be  dis- 
tinguished in  them.    The  degeneration  of  the  pyramids  has  been 
found  in  several  cases  to  extend  through  the  pons  and  crus  to  the 
internal  capsule,  and  even  through  the  white  substance  to  the  cortex. 
Above  the  capsule,  however,  the  pyramidal  fibres  are  so  mingled  with 
others  that  their  degeneration  is  no  longer  recognisable  by  the  deeper 
staining  of  a  definite  tract ;  but  it  can  be  detected  by  the  presence  of 
abundant  products  of  degeneration  in  the  path  of  the  fibres.    In  the 
motor  cortex,  the  large  ganglion  cells  have  been  found  fewer  than 
normal,  and  distinctly  degenerated,  many  having  lost  their  processes, 
while  in  the  interstitial  tissue,  spider  cells  and  other  connective-tissue 
elements  are  increased  in  number.* 

In  cases  in  which  the  symptoms  of  bulbar  paralysis  were  present 
during  life,  the  motor  nuclei  of  the  medulla  have  presented  changes 
*  Koschewnikoff, 'Archives  de  Neurologic,'  1883,  No.  18;  and  ' Ccntralblntt  f. 
Nerven-krauklieiten,'  1885,  p.  409;  Marie,  '  Neurologisches  Ceiitralbl.,'  1S84,  p.  61. 
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corresi)ondmg  to  those  of  the  grey  matter  of  the  spinal  cord,  with  a 
simihir  degeneration  of  the  nerve-cells.  In  other  instances  the 
degeneration  of  these  nuclei  has  been  slight,  but  in  such  cases  the 
degeneration  of  the  pyramids  has  been  intense,  and  doubtless  involved 
the  fibres  connecting  these  nuclei  with  the  cortex  of  the  brain. 

The  sympathetic  nerves  and  ganglia,  when  examined,  have  been 
found  normal,  or  have  only  presented  such  changes  as  are  common 
apart  from  symptoms  of  disease  of  the  nervous  system. 

Pathology. — The  theories  according  to  which  the  disease  was 
regarded  as  primarily  one  of  the  muscles  or  of  the  sympathetic  nerves 
have  now  only  an  historical  interest.    The  constancy  of  the  changes 
in  the  ganglion  cells  of  the  spinal  cord,  the  degeneration  of  the  motor 
root-fibres,  and  the  analogous  effects  of  acute  lesions  of  the  anterior 
cornua,  leave  no  doubt  of  the  relation  of  the  muscular  wasting  to  the 
disease  of  the  grey  matter,  and  essentially  to  that  of  the  ganglion  cells. 
The  slowness  of  the  change  causes  the  impairment  of  the  nutrition  of 
the  muscular  fibres  to  proceed  pari  passu  with  that,  of  the  nerve- 
elements,  and  the  interference  with  motor  conduction  to  be  proportioned 
to  both.    We  are  thus  able  to  understand  the  condition  of  electrical 
excitability,  and  its  slow  failure  as  nerve  and  muscle  degenerate 
together.    It  is  only  when  the  slow  degeneration  is  varied  by  a  more 
acute  process  of  destruction  of  cells  and  degeneration  of  fibres  that 
the  muscular  tissue  is  for  a  time  less  damaged  than  the  nerve-fibres, 
and  presents  paralysis  in  excess  of  the  wasting,  and  a  voltaic  irrita- 
bility in  excess  of  the  faradaic  irritability  of  the  nerve- endings  (p.  20). 
Thus  the  essential  lesion  of  the  disease  is  a  slow  decay  of  the  lower 
segment  of  the  motor  path,  the  segment  which  consists  of  the  ganglion 
cells  and  their  prolongations  in  the  axis-cyhnders  of  the  nerve-fibres 
(see  p.  116).    To  this  the  conspicuous  lesion,  the  muscular  wasting,  is 
secondary.    It  is  perhaps  better  thought  of  as  a  degeneration  of  "the 
whole  segment  than  as  simply  a  lesion  of  the  ganglion  cells,  although 
the  latter  being  the  element  on  which  the  nutrition  of  the  segment 
depends,  the  two  views  are  merely  different  modes  of  stating  tlie°same 
fact. 

But  the  disease  is  rarely  limited  to  the  lower  segment  of  the  motor 
path.  We  have  seen  that  the  pyramidal  tracts  are  commonly  degene- 
rated, and  it  is  probable  that  the  degeneration  often  extends  through 
their  entire  extent,  and  involves  the  motor  cells  of  the  cortex,  as  it 
has  been  proved  to  do  in  several  cases.*  Hence  the  upper  segment  is 
often  degenerated  as  well  as  the  lower  segment.  In  the  presence 
of  that  complete  degeneration  of  the  lower  segment  which  causes  the 
atonic  atrophy  of  the  muscles,  the  degeneration  of  the  upper  seo-ment 
seems  to  cause  no  symptoms.  The  loss  of  power  that  it  would  produce 
_  *  At  the  same  time  we  have  seen  that  the  nutritional  stability  of  the  fibres  is  less 
in  the  lower  than  in  the  upper  parts,  and  that  their  isolated  degeneration  may  be 
greatest  in  the  lower  parts.  This  may  sometimes  also  be  the  case  in  progressive 
muscular  atrophy. 
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is  also  caused  by  the  degeneration  of  the  lower  segment,  and  the  latter 
abolishes  the  myotatic  irritability,  excess  of  which  is  the  characteristic 
indication  of  disease  of  the  upper  segment.  Hence  the  degeneration 
of  the  upper  segment  of  the  motor  path  to  the  muscles  that  present 
atonic  atrophy  cannot  be  recognised  during  life. 

What  is  the  relation  between  the  degeneration  of  the  two  segments, 
between  the  lateral  sclerosis  and  the  affection  of  the  ganglion  cells? 
We  cannot  assume  (as  some  have  been  inclined  to  do)  that  the  affection 
of  the  upper  segment  is  secondary  to  that  of  the  lower,  because  a 
primary  lesion  of  the  grey  matter,  such  as  occurs  in  cornual  myelitis, 
does  not  cause  any  pronounced  ascending  degeneration  of  the  related 
pyramidal  fibres,  although  they  may  undergo  slight  degeneration  in  the 
course  of  many  years,  apparently  from  disease.    Even  a  complete  inter- 
ruption of  the  pyramidal  tracts  is  followed  by  no  degeneration  of  their 
upper  parts.    Hence  the  intense  degeneration  met  with  in  progressive 
muscular  atrophy  cannot  be  regarded  as  secondary  and  ascending. 
Neither,  when  there  is  atonic  atrophy,  can  we  consider  the  affection  of 
the  upper  segment  to  be  the  primary  lesion,  and  to  be  the  cause  of  that 
in  the  lower.   In  the  early  stage  of  such  atrophy  there  are  no  indications 
of  the  degeneration  of  the  upper  segment,  which  would  then  certainly 
exist  if  such  degeneration  preceded  that  of  the  lower  segment.  More- 
over, degeneration  of  the  upper  segment  does  not  necessarily  cause  any 
degeneration  of  the  lower.    It  is  a  matter  of  every-day  observation 
that  intense  degeneration  of  the  termination  of  the  upper  segment 
may  occur,  from  dorsal  myelitis,  for  instance,  without  any  considerable 
wasting  of  the  legs,  and  such  degeneration  has  never  been  known  to 
excite  the  complete  degeneration  of  the  lower  segment  which  causes 
atonic  atrophy.    Hence  the  only  adequate  explanation  of  the  facts  is 
that  the  degeneration  of  the  upper  and  lower  segments  is  simultaneous, 
or  if  not  simultaneous,  at  least  so  far  independent  that  neither  is  the 
cause  or  consequence  of  the  other ;  both  are  the  result  of  the  same 
tendency  to  degeneration  of  the  motor  path.    Atonic  muscular  atrophy 
is  thus,  at  least  in  many  cases,  the  visible  expression  of  a  tendency  to 
decay  of  the  whole  motor  path  from  the  cortex  of  the  brain  to  the 
muscles. 

The  simple  weakness  of  the  legs,  with  excessive  myotatic  irritability 
and  spasm,  is  explained  by  the  degeneration  of  the  pyramidal  fibres  for 
the  legs,  the  lower  segment  being  unaffected.  In  such  a  case  the  nerve- 
cells  of  the  lumbar  enlargement  are  normal.  When  this  condition  is 
associated  with  slight  wasting  of  the  legs,  without  considerable  change 
in  electrical  irritability,  the  condition  exists  that  we  have  more  than 
once  considered,  in  which  we  must  assume  that  the  motor  nerve-cells  of 
the  cord,  while  structurally  intact,  undergo  slight  changes  in  nutrition. 
In  this  condition  there  are  many  nerve-cells  of  normal  appearance  in 
the  grey  matter.  The  changes  in  nutrition  are  too  slight  to  cause 
changes  in  aspect,  or  if  they  cause  such  changes  we  have  not  yet  learned 
to  identify  them.    They  are  perhaps  results  of  the  degenerative  changes 
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in  the  termination  of  the  upper  segment,  but  when  such  degeneration  is 
secondary  to  a  focal  lesion  of  the  cord  or  brain,  the  changes  in  nutrition 
of  the  cells  never  attain  such  a  degree  as  to  arrest  the  mjotatic  irrita- 
bility, or  to  cause  wasting  such  as  attends  the  destruction  of  these  cells. 

In  some  cases,  however,  the  muscular  wasting  may  be  great,  although 
the  increase  of  myotatic  irritability  persists.    In  these  cases,  as  we 
have  seeu,  there  is  considerable  rigidity  of  the  muscles  throughout  the 
whole  course  of  their  wasting,  the  condition  that  we  have  termed 
"  tonic  atrophy."    In  such  a  condition  it  is  common  to  find  that  many 
nerve-cells  have  disappeared  or  are  very  small,  but  others  remain 
normal  or  slightly  changed  in  aspect.    Apparently,  in  addition  to 
the  degeneration  of  the  upper  segment  and  to  the  nutritional  changes 
just  mentioned,  we  have  then  a  considerable  degeneration  of  many, 
but  not  destruction  of  all,  the  elements  of  the  lower  segment.  We 
cannot  regard  this  as  simply  secondary  to  the  degeneration  of  the 
upper  segment,  for  the  reasons  already  given.    It  must  be  the 
expression  of  a  distinct  pathological  tendency  similar  to  that  which 
elsewhere  causes  the  atonic  atrophy  and  total  wasting  but  slighter 
in  extent  and  later  in  time  ;  insufficient  to  prevent  the  less  affected 
cells  from  causing  rigidity  under  the  influence  of  the  degeneration 
of  the  upper  segment.    It  is  doubtful  whether  the  tonic  atrophy  ever 
goes  on  to  atonic  atrophy.     Theoretically  conceivable,  it  is  certain 
that  if  it  ever  occurs  it  is  extremely  rare.    Nor  does  it  seem  that  atonic 
atrophy  ever  gives  place  to  tonic  atrophy,  with  excessive  myotatic 
irritability.    The  rigidity  of  tonic  atrophy  is  due  to  the  degeneration 
of  the  upper  segment,  but  the  effect  is  not  produced  if  the  lower 
segment  is  already  the  seat  of  such  extensive  degenerative  changes  as 
abolish  myotatic  irritability.    The  pyramidal  fibres  for  the  parts  that 
are  the  seat  of  atonic  atrophy  are  constantly  found  degenerated, 
although  the  muscles  have  been  flaccid  to  the  last.    In  the  very  rare 
cases  in  which  the  muscles,  relaxed  during  the  process  of  atrophy 
become  ngid  towards  the  end  of  the  process,  it  is  probable  that  the 
rigidity  IS  idiopathic,  due  to  the  changes  in  the  muscles,  and  is  not 
dependent  on  the  central  nervous  system.    It  may  be  the  result  of  the 
increase  m  the  mterstitial  connective  tissue,  and  the  longitudinal  divi- 
sion and  fibrillation  by  which  the  muscular  fasciculi  come  to  resemble 
bundles  of  connective-tissue  fibres.    The  rigidity  is  always  attended 
by  great  sensitiveness  of  the  muscles.    It  is  also  possible  that  similar 
Idiopathic  muscular  changes  may  ultimately,  in  tonic  atrophy,  maintain 
and^mcrease  the  rigidity  that  is  primarily  dependent  upon  the  spinal 

It  has  been  mentioned  that  the  cases  in  which  the  legs  present 
the  simple  palsy  and  spasm,  or  the  tonic  atrophy,  which  indicate 
degeneration  of  the  pyramidal  tracts,  have  been  separated  by  Charcot, 
and  termed  "  amyotrophic  lateral  sclerosis,"  the  separation  being  based 
on  the  assumption  that  in  such  cases  the  primary  lesion  is  the  degene- 
ration of  the  pjramidal  tracts,  and  that  the  affection  of  the  grey 
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matter  is  secondary  or  "  deuteropathic,"  even  where  the  atrophy  is 
atouic.    We  have  seen  also  that  this  assumption  is  nuwai-ranted  so  far 
as  the  atonic  atrophy  is  concerned.    It  is  prohable  that  the  pyramidal 
tracts  are  degenerated,  if  not  constantly,  at  any  rate  in  such  a  very 
large  proportion  of  the  cases  of  progressive  muscular  atrophy  that 
Charcot's  distinction  is  in  effect  giving  a  new  name  to  an  old  disease. 
Whether  there  are  indications  of  lateral  sclerosis  or  not,  depends  on 
the  circumstance  whether  the  degeneration  of  the  pyramidal  fibres  is 
or  is  not  more  extensive  than  the  complete  degeneration  of  the  nerve- 
cells  that  causes  atonic  atrophy.    If  the  latter  is  universal,  the  pyra- 
midal tracts  may  be  totally  degenerated,  and  yet  there  may  be  none  of 
the  characteristic  indications  of  such  degeneration.    On  the  other 
hand,  both  arms  and  legs  may  be  the  seat  of  the  spastic  paralysis  that 
indicates  pyramidal  degeneration,  and  atonic  atrophy  may  be  limited 
to  a  few  muscles  of  the  hands.    Between  these  we  have  every  grada- 
tion of  degree  and  distribution  o£  atonic  atrophy,  spastic  paralysis, 
and  tonic  wasting.    Of  these  only  the  last-named  indicates  an  affection 
of  the  grey  matter  secondary,  in  point  of  time,  to  the  pyramidal 
degeneration,  and  even  then  only  in  part  secondary  in  point  of  causa- 
tion.   Hence  a  division  into  two  classes  (into  wbich  the  same  case  may 
fall  at  different  periods)  is  less  in  harmony  with  the  facts  of  disease, 
than  is  a  recognition  of  the  varying  extent  of  the  lesion  and  the  corre- 
sponding variation  of  clinical  character  and  course. 

The  process  in  the  grey  matter  has  been  regarded  by  Charcot  and 
others  as  a  chronic  inflammation.  The  occasional  rapid  increase  in 
the  symptoms  may  be  thought  to  be  justification  for  this  view ;  but 
the  process  in  general  is  at  the  degenerative  extremity  of  the  series  of 
nerve-lesions.  The  principle  involved  in  this  question  has  been  already 
discussed,  and  we  have  seen  that,  whatever  be  the  nature  of  the  primary 
process,  we  must  recognise  secondary  tissue  changes  of  independent 
energy  and  that  a  distinct  process  of  inflammation  may  occasionally 
form  "part  of  these  (see  p.  286).  The  significance  of  the  occurrence  of 
inflammation  may  therefore  easily  be  overrated,  so  far  as  concerns  the 
question  of  the  tissue  in  which  the  disease  begins. 

Diagnosis. — The  simultaneous  and  gradual  onset  of  weakness  and 
wasting,  the  slow  but  progressive  increase  and  extension  of  the  sym- 
ptoms, render  the  diagnosis  of  the  developed  malady  simple  and  easy. 
At  the  onset,  when  only  a  single  muscle  or  group  of  muscles  is 
affected,  the  question  arises  whether  the  atrophy  is  local  or  is  the 
commencement  of  a  wider  affection.  If  there  is  no  indication  of  a 
peripheral  nerve-lesion,  local  atrophy  only  occurs  from  great  overuse 
of  a  muscle,  commonly  one  of  the  small  muscles  of  the  hand,  from 
some  manual  occupation,  and  in  a  person  of  feeble  general  strength. 
If  such  cause  cannot  be  traced,  the  wasting  must  be  looked  on  with 
grave  suspicion,  and  a  careful  and  repeated  examination  will,  in  most 
cases,  soon  show  some  extension  of  the  atrophy. 
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In  multiple  neuritis,  the  onset  of  the  symptoms  is  subacute,  wasting 
follows  weakness,  and  the  danger  of  confusion  is  with  subacute  myelitis 
of  the  coiTiua,  not  with  their  slow  degeneration.  In  pachymeningitis 
of  the  cervical  region,  with  considerable  damage  to  the  nerve- roots, 
the  wasting  in  the  arms  may  resemble  that  of  progressive  muscular 
atrophy,  and  there  are  often  weakness  and  rigidity  of  the  legs,  but  the 
wasting  is  less  chronic  in  onset,  and  is  always  accompanied  by  distinc- 
tive sensory  symptoms, — by  more  acute  pains,  and  by  anaesthesia, 
irregular  in  distribution.  The  same  distinctions  suffice  for  the  dia- 
gnosis in  diseases  of  the  nerve-roots  of  the  cauda  equina,  as  by  a 
tumour.  This  may  cause  slow  wasting  in  the  legs,  but  there  is  always 
severe  pain  and  loss  of  sensibility. 

From  primary  muscular  atrophy,  "  idiopathic  atrophy,"  we  may  term 
it,  the  diagnosis  is  sometimes  easy,  sometimes  very  difficult.  It  is 
easy  in  pseudo-hypertrophic  paralysis,  even  in  the  cases  of  this  disease 
in  which  no  muscles  are  large,  on  account  of  its  characteristic  distri- 
bution, its  course,  the  age  at  which  it  begins,  and  the  tendency  to  affect 
many  members  of  a  family,  and  males  more  than  females.  Whenever 
several  cases  of  muscular  atrophy  occur  in  a  family,  during  childhood 
or  youth,  the  probability  is  great  that  they  are  idiopathic,  and  not 
spmal.  But  cases  are  sometimes  met  with  in  which  idiopathic  atrophy 
occurs  in  adult  life  and  has  not  the  course  or  aspect  of  the  pseudo- 
hypertrophic form.  The  distinction  of  such  cases  may  be  very  diffi- 
cult. The  only  general  rule  that  can  be  given  is  that  they  run  a  more 
chronic  course  than  the  spinal  form,  often  slowly  progressing  during 
fifteen  or  twenty  years ;  that  their  distribution  is  unlike  that  of  the 
spinal  form  ;  that  the  affection  often  involves  the  face;  that  the  hand- 
muscles  escape  in  most  cases ;  and  that  such  disease  often  occurs  in 
many  members  of  the  same  family.  The  distinctions  will  be  better 
understood  after  a  perusal  of  the  account  of  these  idiopathic  atrophies. 

Peognosis.— The  progressive  character  of  the  disease  renders  the 
prognosis,  in  every  case,  unfavorable.  The  only  guide  is  the  observed 
tendency  of  the  disease.  As  long  as  it  is  distinctly  increasing,  and  in 
proportion  to  the  rate  of  increase,  the  prognosis  is  grave.  Although  a 
hope  of  arrest  is  justified,  such  arrest  cannot,  in  any  case,  be  actually 
anticipated  until  it  occurs,  if  the  expression  may  be  allowed.  Some 
increase  of  atrophy  in  the  parts  already  affected  is  compatible  with 
an  arrest  of  extension,  the  muscular  changes  increasing  up  to  the 
extent  of  the  disease  in  the  nerve-structures.  The  prospect  of  early 
arrest  is  greatest  in  the  cases  in  which  the  wasting  is  strictly  symme- 
trical and  nearly  simultaneous  on  the  two  sides.  The  danger  to  life  is 
chiefly  proportioned  to  the  interference  with  the  muscles  of  respiration, 
and  to  the  indications  of  implication  of  the  medulla.  If  the  malady 
ceases  to  advance,  the  prospect  of  any  recovery  depends  on  the  rate  at 
which  the  disease  has  progressed.  Recent  rapid  loss  of  power  may  be 
to  some  extent  recovered  from,  especially  when  the  muscles  present 


380 


SPINAL  OOKD. 


the  degenerative  reaction.  Wasting  that  has  existed  for  six  mouths 
will  probably  persist  unchanged.  In  a  typical  chrouic  case  there  is 
little  hope  of  any  actual  recovery  of  tissue  or  power.  The  effects 
depend  on  a  slow  destruction  of  nerve-elements  which  are  not  be 
regenerated. 

Trea-tmbnt. — The  first  important  element  is  to  secure  favorable 
conditions  of  life,  and  to  maintain  the  general  health  as  perfect  as 
possible.     Fresh  air,  and  gentle  exercise  are  important,  but  all 
fatiguing  exertion  should  be  avoided,  and  likewise  all  mental  strain. 
When  the  patient  becomes  helpless,  great  care  is  necessary.  Bedsores 
in  this  disease  mean  inattention  and  may  always  be  avoided.  Drugs 
often  fail  to  influence  the  malady  ;  those  that  occasionally  seem  to  do 
some  good  are  the  agents  that  are  most  frequently  useful  in  other 
degenerative  diseases  of  the  spinal  cord.    They  have  been  described 
in  the  account  of  the  treatment  of  locomotor  ataxy.    Among  them 
arsenic  and  strychnine  are  certainly  most  useful.    Strychnia  injected 
beneath  the   skin  has  certainly  more  influence  over  the  disease 
than  when  given  by  the  mouth.    I  have  known,  more  than  once,  the 
progress  of  the  disease  to  cease  under  the  influence  of  injections, 
although  strychnia  had  been  given  by  the  mouth  without  effect.  The 
nitrate  of  strychnia  is  the  best  salt  for  hypodermic  use,  and  the 
injection  may  be  made  once  a  day,  beginning  with  ^'gth  and  gradually 
increasing  to  -^^th.    The  dose  should  not  be  increased  beyond  this. 
The  locality  is  unimportant.    It  is  possible  that,  since  the  agent  enters 
the  blood  far  more  rapidly  when  injected  beneath  the  skin  than  when 
absorbed  from  the  stomach,  the  momentum  of  its  effect  on  the  nutrition 
of  the  nerve-elements  may  be  greater. 

Local  treatment  of  the  muscles  has  very  little  influence  on  the 
malady,  as  may,  indeed,  be  expected  from  its  nature.  The  most 
sedulous  and  skilful  use  of  electricity,  voltaic  or  faradaic,  fails  as  a 
rule  to  produce  any  effect  on  the  course  of  the  disease.  If  the  malady 
is  progressing  at  the  same  rate  in  each  arm,  and  the  muscles  of  one 
arm  are  regularly  treated  vnth  electricity,  and  those  in  the  other  arm 
are  left  alone,  no  difference  can  be  detected  in  the  rate  of  wasting  on 
the  two  sides.  It  is  possible,  nevertheless,  that  electricity  sometimes 
does  a  little  good.  In  cases  in  which  a  rapid  loss  of  power  has  occurred, 
and  weakness  is  out  of  proportion  to  the  wasting,  some  recovery  is 
possible,  and  there  is  no  doubt  that  the  excitability  of  the  muscular 
tissue  is  maintained  for  a  longer  time  by  galvanism,  although  the  bulk 
of  the  muscle  may  not  be  influenced.  In  other  cases  all  that  can  be 
said  is  that  the  influence  of  electricity,  properly  applied,  is  in  the  light 
direction.  Moreover,  the  disease  is  one  of  those  in  which  patients  find 
it  hard  to  believe  that  electricity  cannot  help  them,  and  the  probability 
is  that  their  conviction  will  be  fostered  by  some  medical  adviser.  It 
is  one  of  the  diseases  in  which  unjustifiable  assertions  are  too  often 
made  that  early  electrical  treatment  would  have  been  successful.    It  is 
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often  well,  therefore,  if  only  to  satisfy  the  patient  that  nothing  has  been 
left  untried,  that  a  careful  course  of  electrical  treatment  should  be 
adopted.    Paradaism  may  be  used,  if  the  muscles  are  sensitive  to  it,  but 
if  they  present  any  greater  irritability  to  voltaism,  it  is  better  to  use 
this.  It  is  immaterial  whether  the  application  is  confined  to  the  muscles 
or  whether  one  electrode  is  placed  over  the  affected  part  of  the  spinal 
cord.    The  latter  method  has  no  disadvantages,  but  my  own  obser- 
vations have  failed  to  confirm  the  confident  statements  sometimes 
made  regarding  its  superiority.    It  is  very  important  that  the  current- 
strength  employed  should  be  moderate.    Strong  applications  often 
cause  much  subsequent  pain,  and  even  increased  disability,  and  should 
be  carefully  avoided.    I  have  known  a  rapid  increase  of  weakness 
foUow  a  strong  application,  in  a  way  that  convinced  the  patient  at  least 
that  the  two  were  connected. 

Eubbing  and  massage  of  the  muscles  have  been  frequently  employed, 
and  of  this  treatment  also  it  may  be  said  that  its  influence  is  in  the 
right  direction  although  usually  inappreciable  so  far  as  the  muscular 
atrophy  is  concerned.  Combined  with  passive  movement,  the  influence 
of  rubbing  in  preventing  and  diminishing  deformities  is  more  distinct. 
No  special  bath  treatment  is  of  service.  When  the  disease  occurs  in 
the  subjects  of  syphilis,  specific  treatment  invariably  fails,  and  I  have 
even  known  the  progress  of  the  disease  to  be  distinctly  accelerated  by 
an  energetic  course  of  such  treatment  by  iodide  and  by  mercury.  It 
is  important  that  all  treatment  should  be  pursued  in  moderation 
and  that  its  effects  should  be  carefully  watched.  The  disease  is  one  in 
which  it  is  not  easy  to  do  good  and  not  difficult  to  do  harm. 


Aetheitic  Musculae  Ateopht. 

Inflammation  of  a  joint  is  almost  invariably  attended  with  rapid 
wasting  of  the  muscles  that  move  the  joint.  This  occurs  equally  what- 
ever be  the  cause  of  the  inflammation,  whether  this  is  spontaneous  or 
traumatic.    It  attends  chronic  as  well  as  acute  inflammations,  and 
occurs  m  animals  if  joint  inflammation  is  produced  in  them.* 
^  The  muscles  that  waste  are  chiefly  those  which  extend  the  affected 
joint.  The  atrophy  is  well  seen  in  the  muscles  in  front  of  the  thigh  when 
the  knee  is  inflamed.    If  the  ankle  is  affected,  the  calf-muscles  chiefly 
waste  ;  if  the  hip,  the  glutei ;  if  the  wrist,  the  extensor  muscles  of  the 
forearm;  the  tnceps  when  the  elbow  is  affected;  the  deltoid  when 
the  shoulder-joint  is  inflamed.    In  rheumatoid  arthritis  of  the  finger- 
joints,  such  wasting  is  usually  very  conspicuous  in  the  interossei  and 
especially  m  the  abductor  indicis.    The  wasting,  however,  sometimes 
*  Valtat,  '  Archives  Gen&ales,'  1877,  tome  30,  pp.  159  and  321.    The  subject  has 
been  discussed  by  Vulpian  ('  Lemons  sur  I'App.  Vaso-moteur,'  1075,  t.  ii),  and  by  Paget 
(  Lancet    1873.  vol  ii.  p.  727,  in  a  lecture  republished  in  'Clinical  Lectures  and 
Essays,'  1875,  p.  208). 
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involves  the  flexors  as  -well  as  the  extensors,  and  rarely  muscles  of  the 
limb  that  are  near  but  do  not  move  the  affected  joint.  lu  very  rare 
cases  all  the  muscles  of  a  limb  have  presented  some  vs^asting.  Cases 
in  which  the  atrophy  is  unusual  in  distribution,  and  especially  when 
it  is  on  the  distal  side  of  the  affected  joint,  must  be  regarded  with 
some  suspicion,  because  inflammation  sometimes  spreads  from  a  joint 
to  a  nerve,  and  distant  wasting  may  be  thus  produced.  It  is  said 
that  there  is  sometimes,  at  the  onset,  a  considerable  weakening  of 
the  muscle,  interfering  with  movement  more  than  can  be  accounted 
for  by  the  pain  in  the  joint  which  movement  causes,  and  that  such 
initial  palsy  is  transient  (Valtat,  Duchenne).  But  the  pain,  by  its 
inhibitory  influence,  usually  obscures  such  palsy,  which  is  indeed  con- 
fessedly rare. 

The  atrophy,  on  the  other  hand,  may  be  regarded  as  almost  con- 
stant. If  the  onset  of  the  joint  affection  is  acute  the  wasting  occurs 
with  rapidity.  In  a  day  or  two  the  muscles  may  be  flabby,  and  in  a 
week  or  ten  days  a  difference  in  the  circumference  of  the  limb  may  be 
detected  by  measurement.  However  long  the  affected  muscle  may  be, 
the  wasting  involves  the  whole  length  of  it.  It  is  not  limited  to  the 
part  in  the  neighbourhood  of  the  diseased  joint,  but  involves  the  upper 
part  of  the  muscle  in  the  same  degree  as  the  lower  part.  The  degree 
attained  varies  much  in  different  cases.  Usually  moderate,  and  some- 
times slight,  it  is  occasionally  considerable,  so  that  the  femur,  for 
instance,  may  be  readily  felt  when  the  quadriceps  femoris  is  the  seat 
of  the  wasting,  or  the  head  of  the  humerus  may  be  distinct,  and  aero- 
mion  prominent,  if  the  deltoid  is  affected.  Although  the  whole  length 
of  the  affected  muscle  is  always  involved,  if  the  muscle  is  a  wide 
and  compound  one,  some  parts  may  suffer  chiefly.  Thus  in  the 
thigh  all  parts  of  the  extensor  may  waste  equally,  or  the  rectus  or 
vastus  internus  may  suffer  more  than  the  other  parts.  The  wasting 
increases  during  two  or  three  weeks,  then  becomes  stationary,  and 
continues  as  long  as  the  joint  disease  lasts.  "When  the  joint  has 
recovered,  the  muscles  in  most  cases  slowly  regain  their  normal  size. 
Occasionally,  especially  when  the  arthritis  has  lasted  a  long  time,  the 
wasting  may  continue  for  months  or  years  after  the  joint  disease  is  at 
an  end. 

The  electrical  irritability  of  the  atrophied  muscles  may  be  normal, 
but  is  often  slightly  lessened,  equally  to  faradaism  and  voltaism.  The 
change  is  trifling,  to  be  recognised  only  by  comparison  with  the  other 
side.  I  have  found  that  this  arthritic  atrophy  is  generally  accompanied 
by  a  distinct,  and  sometimes  a  considerable,  increase  in  myotatic  irri- 
tabihty.  The  knee-jerk  is  excessive,  if  the  thigh-muscles  are  affected, 
and  a  rectus-clonus  can  sometimes  be  obtained.  A  foot-clonus  may  be 
elicited  when  the  ankle-joint  is  affected.  Occasionally  the  increased 
irritability  extends  beyond  the  region  of  atrophy,  so  that,  for  instance, 
a  foot-clonus  may  be  obtained  when  the  knee-joint  and  thigh-muscles 
are  affected,  although  there  is  no  wasting  below  the  knee.    As  an 
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example  of  this,  wliicli  illustrcates  also  the  occasional  persistence  of  the 
atrophy,  naay  be  mentioned  the  case  of  a  young  man  who  jumped  over 
a  hoarding  and  twisted  his  left  leg  in  doing  so.    He  felt  immediately 
severe  pain  in  the  knee,  the  joint  quickly  swelled,  and  became  the  seat 
of  an  acute  inflammation  which  lasted  for  several  weeks,  and  then 
slowly  subsided.    During  the  inflammation,  the  thigh  wasted.    I  saw 
bim  two  years  after  the  onset,  and  there  was  still  considerable  wasting, 
involving  the  whole  of  the  extensor  of  the  knee.    The  minimum  cir- 
cumference of  the  left  thigh  above  the  knee  was  three  quarters  of 
an  inch  less  than  that  of  the  right,  although  there  was  no  difference 
between  the  two  legs  below  the  knee.    There  was  a  slight  diminution 
in  faradaic  and  voltaic  irritability  in  the  affected  muscles.    The  knee- 
jerk  was  much  more  considerable  on  the  left  than  on  the  right  side, 
and  was  obtained  from  above,  and  there  was  a  well-marked  foot-clonus 
m  the  left  leg,  but  none  in  the  right.    He  complained  that  the  leo- 
became  tired  sooner  than  the  other.    A  year  and  a  half  later  the 
difference  between  the  two  thighs  was  still  the  same,  and  the  other 
symptoms  were  unchanged.    In  some  cases  there  is  slight  rigidity  of 
the  affected  muscle  ;  we  have  seen  that  rigidity  is  often  associated 
with  an  increase  of  myotatic  irritability.    Very  rarely  some  contracture 
occurs  m  the  opponents  of  the  atrophied  muscles,  but  it  is  uncertain 
how  far  the  atrophy  contributes  to  this.    Thus  a  child,  aged  eight,  had 
an  attack  of  rheumatic  fever  succeeding  chorea ;  the  inflammation  in  the 
knee-]oints  was  prolonged,  and  was  accompanied  by  marked  arthritic 
wasting  in  the  thighs.    During  the  confinement  to  bed,  the  flexors  of 
the  knees  became  contracted.    There  was  only  a  slight  diminution  in 
the  electrical  irritability  of  the  muscles,  and  no  distinct  paralysis 
bensory  symptoms  are  as  a  rule  absent.    I  have  occasionally  known 
shght  tinghng  in  the  skin  to  be  complained  of,  and  in  one  case  this 
symptom  was  persistent.    It  is  said  that  areas  of  anaesthesia  sometimes 
develop  but  it  is  probable  that,  in  such  cases,  inflammation  has 
extended  to  a  nerve  in  the  vicinity  of  the  joint. 

PATHOLOCT.-We  have  no  facts  regarding  the  morbid  changes  that 
occur  m  man.    In  animals  Valtat  found  the  muscles  paler  than  normal 
with  simple  narrowing  of  the  fibres,  but  without  interstitial  changes' 
and  no  abnormal  appearance  could  be  detected  in  the  nerves  or  the' 
spinal  cord.    Thus  pathological  anatomy  throws  no  light  on  the 
mechanism  by  which  the  wasting  is  produced.    The  only  constant 
condition,  m  these  cases,  that  can  be  regarded  as  the  cause  of  the 
wasting,  IS  the  simple  fact  of  the  joint  disease.    The  atrophy  seems 
to  be  especially  rapid  when  there  is  much  pain  in  the  joint,  and 
Jr-aget  has  observed  similar  wasting  when  there  has  been  neuralgic 
joint-pain  without  inflammation.    But  such  pain  is  not  always 
attended  by  wasting,  and  the  latter  may  attend  arthritis  that  is  not 
pamful.    Disuse  will  not  explain   the  atrophy ;  first  because  its 
influence  m  causing  wasting  is  trifling  and  tardy,  and  secondly  because 
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other  muscles  of  a  limb,  equally  disused,  present  no  wasting.    Nor  can 
the  effect  be  due  to  any  local  inflammation  of  the  muscles,  passing  to 
them  from  the  inflamed  joint.   Such  a  cause  is  excluded  by  the  fact  that 
the  whole  length  of  a  muscle  suffers  equally  ;  the  part  at  a  distance 
from  the  joint  wastes  as  much  asthe  part  near  the  joint,  and  moreover, 
when  such  wasting  occurs  in  animals,  from  traumatic  arthritis,  no  signs 
of  inflammation  can  be  found  either  by  simple  or  microscopical  exami- 
nation.   We  are,  therefore,  reduced  to  the  assumption  that  the  wast- 
ing is  produced,  in  some  way,  through  the  nervous  system.    "  A  reflex 
atrophy,  due  to  the  disturbance  of  some  nutritive  nervous  centre, 
irritated  by  the  painful  state  of  the  sensitive  nerve-fibres  "  is  the  patho- 
logy suggested  by  Paget.    A  similar  explanation  has  been  given  by 
Vulpian,  who  surmised  that  the  wasting  may  be  due  to  alterations  in  the 
nutrition  of  the  ganglion  cells  of  the  cord.    A  theory  of  this  character 
seems  the  only  tenable  one.    It  is,  however,  an  interesting  fact  that  the 
wasting  is  accompanied  by  an  increase  in  the  myotatic  irritability.  We 
have,  in  fact,  the  condition  that  often  results  from  slight  degeneration 
of  the  pyramidal  tracts,  and  must  be  immediately  due  to  the  changes 
in  the  termination  of  the  pyramidal  fibres  in  the  grey  matter— increased 
myotatic  irritability,  with  slight  wasting,  and  merely  a  slight  dimmu- 
tion  in  the  electrical  irritability,  similar  to  each  current.    It  is  possible, 
therefore,  that  this  terminal  structure  participates  in  the  nutritional 
changes.    This  view  is  favoured  by  two  other  facts,  first,  that  the 
increased  myotatic  irritability  may  continue  for  years,  and  secondly, 
that  a  primary  joint  inflammation  has  been  known,  in  rare  cases,  to 
cause  persistent  symptoms  of  impaired  function  of  the  pyramidal  fibres 
—presumably  the  result  of  changes  in  the  nutrition  of  their  terminations 
—without  muscular  wasting  (see  p.  330).   Since  the  sensory  influence 
must  be  exerted  through  the  sensory  cells  of  the  cord,  we  can  under- 
stand the  occasional  occurrence  of  such  subjective  sensations  as  the 
tingling  above  mentioned. 

Diagnosis.— The  chief  difficulty  in  the  diasnosis  of  the  condition 
arises  from  ignorance  of  the  occurrence  of  this  form  of  wasting.  Its 
nature  is  usually  recognised  at  once,  if  its  existence  is  known,  because 
the  primary  character  of  the  arthritis  which  produces  it  is  sufficiently 
obvious.  In  cases  in  which  a  joint  inflammation  results  from  a  primary 
disease  of  the  nervous  system,  which  also  causes  wasting  of  the  muscles, 
a  mistake  is  conceivable,  but  it  is  unlikely,  because  such  arthritis  results 
only  from  lesions  of  the  nervous  system  that  are  considerable  in  degree, 
and  their  existence  is  then  sufficiently  obtrusive.  In  some  cases  of 
neuritis  in  the  arm,  secondary  arthritis  may  occur  in  the  smaU  joints 
of  the  hand,  with  wasting  of  their  muscles,  and  the  ultimate  condition 
may  very  closely  resemble,  in  aspect,  that  which  we  are  now  con- 
sidering, but  other  indications  of  a  serious  lesion  of  the  nerves,  such 
as  ansesthesia  and  paralysis,  either  are  or  have  been  present,  and  indi- 
cate the  nature  of  the  case. 


ARTITRITIO  ATROPHY. 


385 


Prognosis.— When  the  inflammation  of  the  joint  is  brief  in  dura- 
tion, recovery  of  the  muscles  may  be  anticipated  with  confidence. 
In  children,  even  after  prolonged  joint  disease,  the  muscles  usually 
regain  their  normal  bulk.  In  adults  the  wasting  ofteu  lasts  for  a  long 
tmie  after  the  joint  is  well,  and  a  cautious  prognosis  should  be  givent 
if  the  arthritis  has  lasted  long.  Even  if  slight  wasting  is  persistent, 
normal  power  is  usually  recovered,  but,  as  the  case  mentioned  above 
shows,  the  symptoms  sometimes  continue  for  years. 

Treatment.— The  chief  treatment  is  local;  electrical  stimulation 
of  the  muscles,  and  gentle  rubbing.  It  is  doubtful  whether  drugs 
have  any  influence  on  the  condition.  As  long  as  the  joint  is  inflamed, 
treatment  rarely  causes  any  increase  in  the  bulk  of  the  muscle.  When 
the  arthritis  has  ended,  the  muscles  usually  recover  slowly  without 
assistance,  but  it  is  probable  that  the  local  treatment  accelerates  the 
process.  The  form  of  electricity  is  of  little  consequence;  either 
taradaism  or  voltaism  may  be  employed,  but  should  only  be  used  in 
sufficient  strength  to  cause  gentle  contraction  of  the  muscles.  Painful 
stimulation  of  the  sensory  nerves  should  be  avoided. 


Muscular  Atrophy  from  Ovee-use. 

Muscles  that  are  much  used  sometimes  waste.    The  effect  is  seen 
most  frequently  in  the  small  muscles  of  the  hand,  in  persons  of  weakly 
constitution,  who  use  these  muscles  unduly.  Thus  a  young  lady  devoted 
many  hours  a  day  to  "  illuminating,"  during  several  years,  and  then  some 
muscles  of  the  thenar  eminence  began  to  waste,  and  became  consider- 
ably atrophied.    Such  wasting  is  scarcely  ever  met  with  in  the  larm- 
muscles,_  but  has  been  observed  in  the  biceps,  consecutive  to  hyper- 
trophy  m  Sheffield  smiths  (Prank- Smith).    The  electric  irritability 
IS  gradually  lowered  in  this  local  wasting,  equally  to  both  currents,  as 
It  IS  m  progressive  muscular  atrophy.    We  do  not  know  whether  this 
wastuig  from  over-use  is  purely  local  or  whether  the  related  ganglion 
cells  of  the  spmal  cord  fail  first,  and  the  muscular  wasting  is  secondary 
to  their  atrophy.    As  Gull  said  many  years  ago,  "  It  is  as  reasonable  to 
nifer  a  lesion  of  the  grey  matter  from  overwork  as  of  the  muscles  "* 
The  wastmg  often  persists  when  the  over-use  of  the  muscles  is  discon- 
tinued.   Hypertrophy  from  over-use  does  not  usually  give  place  to 
atrophy.    These  two  facts  are  somewhat  in  favour  of  the  view  that 
he  lesion  is  primarily  of  the  nerve-cells.    The  wasting  in  these  cases 
shows  no  tendency  to  extension  beyond  its  original  limits.  The 
treatment  is,  first,  the  cessation  from  the  excessive  exertion  of  the 
muscles  ;  secondly,  the  improvement  of  the  general  health,  and  the 
administration  of  nerve  tonics,  especially  of  strychnine  ;  and  thirdly 
the  gentle  electrical  stimulation  of  the  muscles  by  either  faradaism  or 
voltaism. 


* 


'  Gu^-'s  Hosp.  Reports,'  1862,  p.  246. 
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IDIOPATHIC  MUSCULAR  ATROPHY 

(myopathic  atrophy  ;  MUSCULAE  DYBTEOPHY). 

Idiopathic  atrophy,  which  is  primarily  muscular  and  does  not 
depend  on  disease  of  the  central  nervous  system,  may  be  conveniently 
considered  in  this  place.  It  does  not  indeed  come  within  the  class  of 
diseases  that  are  the  subject  of  this  book,  but  it  is  one  of  those  maladies 
in  which  clinical  resemblance  may  conveniently  be  allowed  to  supersede 
the  rules  of  pathological  classification. 

The  chief  form  of  idiopathic  muscular  atrophy  is  that  known  as 
"pseudo-hypertrophic  paralysis."  Other  cases  occur  which  resemble 
more  closely  in  their  aspect  the  spinal  form,  and  differ  in  some 
particulars  from  the  pseudo-hypertrophic  disease,  with  which,  however, 
they  have  some  characters  in  common. 

Pseudo-Hypbbteophic  MnsctJLAB  Paealysis  (Mttsculae  Psettdo- 
Hypeeteophy;  Lipomatoits  Musctjlae  Ateophy,  &c.). 

The  affection  thus  designated  is  a  disease  which  chiefly  manifests 
itself  during  the  later  developmental  period  of  childhood,  and  clearly 
depends  on  a  morbid  developmental  tendency  which  is  often  present 
in  several  members  of  the  same  family.  It  is  thus  a  congenital  disease 
in  its  origin  and  nature,  although  not  congenital  in  its  manifestation. 
It  is  characterised  by  a  progressive  change  in  the  size,  and  dimmution 
in  the  power,  of  many  muscles.  They  may  be  larger  than  normal,  or 
smaller,  or  may  be  at  first  large  and  then  small,  and  they  may  be 
harder  than  normal.  The  alterations  in  size  and  consistence  depend 
on  an  abnormal  growth  of  interstitial  connective  tissue,  m  which  fat 
is  often  deposited,  and  before  which  the  muscular  fibres  waste.  The 
progressive  weakness  cripples  the  patient,  and  interferes  with  breathing 
power,  until  chronic  lung  disease  or  some  intercurrent  malady  ends 
life 

Isolated  cases,  which  can  now  be  recognised  as  examples  of  this 
disease,  were  recorded  in  England  in  1830  (Sir  Charles  Bell)  and  m 
1847  (Partridge)  and  in  Italy  in  1838,  but  the  first  series  of  cases  were 
described  by  Meryon in  1852,  and  Oppenheim  in  1855.  These  observers 
failed,  however,  to  distinguish  the  disease  from  the  common  form  of 
progressive  muscular  atrophy,  partly  because  enlargement  of  muscles 
was  not  so  obtrusive  a  feature  of  these  cases  as  it  was  m  some  others 
which  soon  afterwards  came  under  the  keen  eye  of  Duchenne.  This 
acute  observer  was  then  exploring  the  field  of  -"^^^l^^P-^^^s- 
the  aid  of  "localised  electrisation."  He  recognised  at  once  the  novel 
features  of  the  disease,  and  published,  in  1861,  an  admirable  account 
Tit   giving  to  it  the  name  of  "pseudo-hypertrophic  muscular 
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paralysis,"  which,  in  spite  of  its  durasinoss,  expressed  the  salient 
features  of  the  malady  sufficiently  well  to  have  since  held  its  own 
against  many  other  designations,  that  have  been  suggested  by  more 
exact  knowledge  of  the  pathological  changes. 

ETioLoaT.— Our  knowledge  of  the  causes  of  the  disease  is  limited 
to  a  few  general  facts.    Males  furnish  the  majority  of  the  cases,  but 
the  actual  degree  of  preponderance  is  not  yet  certain.    Published  cases 
show  a  proportion  of  seven  to  one,  but  of  forty-three  cases  that  have 
come,  directly  or  indirectly,  under  my  own  notice,  thirty-three  were 
males  and  ten  females.    This  discrepancy  is  perhaps  due  to  the  fact 
that  the  slighter  hability  of  females  influences  the  character  of  the 
disease  as  well  as  its  occurrence.    In  them  it  is  slighter  in  deo-ree 
later  m  development,  and  less  frequently  causes  death.    Hence"  the 
disease  is  more  likely  to  escape  notice  in  females,  and  cases  in  which 
It  IS  recognised  are  less  likely  to  be  published,  because,  when  a  disease 
has  become  famihar,  the  cases  recorded  are  chiefly  those,  as  we  say 
completed  by  an  autopsy."    Hence  it  is  probable  that  a  proportion 
of  tour  males  to  one  female  is  near  the  truth. 

The  disease  occurs  rather  less  commdnly  in  isolated  cases  than  in 
family  groups.    The  number  in  a  family  has  varied  from  two  to  eigJit 
As  many  as  eight  brothers  suffered  and  died  in  the  family  described 
by  Meryon,  while  all  the  daughters  escaped.    In  a  family^^own  to 
me  four  sons  have  suffered  and  none  of  the  daughters  ;  in  anoth  r 
instance  two  daughters  are  affected  and  no  sons.    Thus  there  may  be 
a  tendency  m  a  family  to  the  affection  of  one  sex,  and  not  the  other 
but,  on  the  other  hand,  it  is  also  common  for  both  sexes  to  suffer  in 
the  same  family.    In  many  instances  in  which  manj  members  of  one 
generation  are  affected,  no  antecedent  cases  can  be  traced  in  the  f 
the  malady,  while  congenital,  is  not  hereditary.    In  other  famufes' 
antecedent  cases  can  be  traced,  and  these  are  invaLbly  on  the  m  fh  ^ 
s.de.    The  disease  is  thus  transmitted  by  women  who  are  not  them- 
selves its  subjects.    In  a  case  in  which  four  brothers  suffered  tl 
mother  s  brother  and  sister  were  likewise  affected.    Againfa  btth  r 
and  sister  were  diseased,  one  daughter  of  a  second  sister,  and  thre 
daughters  of  a  third  sister.    In  another  instance  a  boy  suffered  aiil 
his  sister  unaffected,  had  two  sons  diseased  and  a  dau^tei  rt 
whose  children  two  sons  were  the  subjects  of  the  malad?.    Thus  the 

embiyo.    This  is  also  shown  by  another  fact,  that  the  children  of  the 

rerdirartldenc'^^^"^  "'^^  ^^^^  affected  Tdiile 

Sases  of  fhP         '  '"'^  occurrence  of 

drbtfulif  tf    T"'"'  "^'l'"^'  '''''       ''^''^  -  that  it  is 

occurrence  0^  ^PP^^^' 

of  parents  to  ^  '  "        -^^  ^^'^  consanguinity 

ot  parents,  to  their  age,  or  their  intemperance. 

The  disease  always  manifests  itself  during  the  period  of  development. 
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sometimes  in  the  early  stage  of  growth,  at  the  close  of  infancy,  often 
only  during  mid-childhood,  rarely  not  until  growth  is  nearly  ended. 
In  a-  third  of  the  cases,  the  first  symptoms  are  noted  when  the  child 
first  attempts  to  walk,  which  is  usually  a  little  later  than  in  healthy 
children.    In  about  another  third  the  child  seems  well  until  it  is  four, 
five,  or  six  years  old,  and  then  impairment  of  power  attracts  attention. 
In  three  quarters  of  the  cases,  the  disease  manifests  itself  before  the 
tenth  year.    Very  rarely  the  patient  is  conscious  of  no  symptoms  until  _ 
after  puberty,  and  he  has  reached  the  age  of  eighteen  or  twenty.  I 
have  seen  four  instances  of  this  late  apparent  onset,  but  in  each  inquiry  . 
has  elicited  a  history  of  enlargement  of  muscles  long  before  their  power 
became  impaired.    One  patient,  for  instance,  in  whom  weakness  was 
only  noticed  when  she  was  twenty,  had  been  often  "  chaffed,"  when  a 
young  girl  at  school,  on  account  of  her  "  tea-kettle  calves."    It  is 
therefore  probable  that,  in  such  late  cases,  it  is  rather  the  influence  of 
the  disease  on  the  muscular  fibres,  than  its  development,  which  is 
delayed.    Neither  social  state  nor  general  constitutional  condition 
seems  to  influence  the  occurrence  of  the  disease,  but  its  manifestation 
has  sometimes  been  apparently  accelerated  by  influences  that  disturb 
the  general  health  ;  it  has  been  first  noticed,  for  instance,  during 
convalescence  from  some  general  illness. 

Symptoms. — Impairment  of  power  usually  attracts  attention  before 
any  change  is  observed  in  the  size  of  the  muscles,  or  if  these  are  noticed 
to  be  large,  it  is  with  feelings  of  parental  pride  rather  than  with  sus- 
picion. The  children,  who  usually  walk  late,  often  also  walk  clumsily, 
fall  with  ease  and  rise  with  difiiculty.  The  act  of  going  upstairs  is 
especially  difiicult  to  them  ;  the  child  has  to  take  hold  of  the  banisters 
and  pull  himself  up. 

The  muscles  may  at  first  present  nothing  unusual ;  if  the  child  is 
fat,  as  is  frequently  the  case,  neither  an  increase  nor  a  diminution  m 
size  can  be  readily  observed.  At  the  age  of  five  or  six  years  an  un- 
natural enlargement  of  certain  muscles  is  usually  conspicuous,  espe- 
cially when  there  is  a  contrast  between  these  and  other  muscles  which 
are  small.  If  enlargement  is  almost  universal  it  is  usually  great  and 
conspicuous.  The  enlargement  of  muscles,  although  for  a  time  it  may 
increase,  ultimately  lessens,  earlier  in  some  muscles  than  in  others,  and 
it  may  give  place  to  an  actual  wasting. 

Among  muscles  that  are  most  frequently  large  those  of  the  calf 
take  the  first  place.  They  sometimes  attain  a  remarkable  size.  I  have 
measured  a  calf  14^  inches  in  circumference  in  a  boy  of  twelve.  The 
muscles  in  front  of  the  lower  leg  are  less  frequently  enlarged,  but 
sometimes  project  beyond  the  edge  of  the  tibia.  The  extensors  of  the 
knee  are  often  big  ;  occasionally  the  rectus  or  vastus  intemus  as  alone 
increased  in  size  (the  rectus,  in  Fig.  139),  and  the  other  parts  may  be 
normal  or  small ;  less  frequently  all  parts  are  small.  The  flexors  of  the 
knee  commonly  escape,  the  glutei  are  frequently  conspicuously  large,  and 


PSEUDO-HYPERTEOl'HIO  FOIiM. 


389 


so  also  are  the  lumbar  muscles.  The  condition  of  those  of  the  shoulder 
is  peculiar  and  important.  Of  all  the  muscles  of  the  body,  next  to  those 
of  the  calf,  no  one  is  enlarged  more  frequently  or  in  greater  relative 

Fig.  137.  Fio.  138.  Fig.  139. 


Figs.  137  and  138.— Two  brothers,  aged  four  and  seven,  suffering  from 

pseudo-hypertrophic  paralysis. 
Fig.  139.— Partial  enlargement  of  rectus,  the  vasti  being  small. 

degree  than  the  infraspinatus.    It  often  stands  out  so  conspicuously 
that  its  limit  is  apt  to  be  mistaken  for  the  edge  of  the  scapula  (Figs. 
140  and  141) .    The  supraspinatus  is  sometimes  also  prominent,  but  its 
condition  is  usually  concealed  by  the  trapezius,  which  is  little  involved 
The  deltoid  is  also  frequently  large  ;  the  serratus  rarely.    The  pecto- 
rahs  is  never  enlarged,  but  on  the  other  hand,  its  lower  half  is  wasted 
in  a  large  proportion  of  the  cases,  and  with  this  the  latissimus  dorsi, 
which  has  the  same  action  in  depressing  the  raised  arm  (see  p  26)' 
The  teres  major  may  share  the  wasting  of  the  latissimus.    In  many 
cases  no  trace  can  be  found  of  the  latissimus  and  lower  part  of  the 
pectorahs,  and  it  even  seems  as  if,  in  some  cases,  these  muscles  may  be 
congenitally  absent.    In  consequence  of  the  loss  of  the  latissimus  the 
posterior  axillary  fold  is  almost  absent,  and  the  aspect  of  the  axilla  is 
strikmgly  abnormal,  especially  when,  as  is  often  the  case,  the  defect 
contrasts  with  the  conspicuous  prominence  of  the  infraspinatus  (Fiffs 
140  and  141).  ^  ° 

The  other  muscles  of  the  arm  suffer  in  diminishing  degree  and  fre- 
quency from  above  downwards.    The  triceps  and  biceps  are  sometimes 
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Fia.  140.  —  Pseudo-hypertropliic  paralysis. 
Absence  of  latissiraus  dorsi,  enlargement 
of  infraspinatus.  (From  a  photograph.) 


enlarged,  the  former  more 
frequently  than  the  latter, 
but  occasionally  only  in  one 
part.  Both  these  muscles  are 
sometimes  -wasted.  The  fore- 
arm muscles  suffer  in  only  a~ 
small  minority  of  the  cases, 
and.  the  intrinsic  muscles  of 
the  hand  usually  escape  alto- 
gether. 

The  muscles  of  the  neck 
are  rarely  affected,  but  1 
have  noted,  in  a  few  cases, 
wasting  of  the  clavicular 
part  of  the  sterno-mastoid. 
Those  of  the  face  do  not 
suffer,  but  in  the  patient 
shown  in  Fig.  144  there  was 
considerable  enlargement  of 
the  masseters.  The  tongue 
has  been  increased  in  size  in 
a  few  instances.  The  other 
muscles  suppUed  by  the 
cranial  nerves  always  escape. 

The  diseased  muscles  are 
.  weak,  but  the  impairment 
of  power  is  to  some  extent 
irrespective  of  the  change 
in  size.    The  muscles  that 
are  abnormally  small  are 
generally  weaker  than  those 
that  are  abnormally  large  ; 
and  in  the  latter  the  weak- 
ness  increases    with  the 
wasting.    In  the  legs  the 
greatest  weakness  is  in  mus- 
cles that  are  inacessible  to 
observation, — the  flexors  of 
the  hips  ;  next  in  order  of 
weakness  come  the  exten- 
sors of  the  knee,  and  the 

Fig.  141. — Wasting  of  latissimus 
dorsi  and  sernitus ;  enlnrge- 
nient  of  iufiaspinatus,  supni- 
spinatus,  and  deltoid j  atrophy 
of  biceps  and  triceps.  (By  Dr. 
H.  11.  Spencer,  from  a  photo- 
graph.) 
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extensors  of  '  tlie  hip.  The 
muscles  below  the  knee  usi;.- 
allj  retain  considerable  power 
for  a  loug  time,  and  the  exten- 
sors of  the  ankle  fail  before  the 
flexors.  In  the  upper  limbs 
the  depressors  of  the  arm 
are  usually  alone-  weakened 
during  the  early  period  of  the 
disease,  but  subsequently  the 
shoulder-muscles  suffer,  then 
the  triceps  and  the  biceps, 
while  the  muscles  that  move 
the  hand  commonly  retain 
good  power  to  the  last. 

The  distribution  of  weak- 
ness in  the  legs  causes  cer- 
tain peculiar  defects  of  move- 
ment which  are  very  charac- 
teristic, and  some  are  even 
all  but  pathognomonic  of  the 
disease.      The  difficulty  in 
going  upstairs  is  especially 
due  to  the  weakness  of  the 
extensors  of  the  knee  and  hip. 
The  defect  of  the  extensors  of 
the  hip  causes  the  gait  to  have 
a  peculiar  oscillating  charac- 
ter, in  which  the  body  is  so 
inclined  as  to  bring  the  centre 
of  gravity  over  each  foot,  on 
which  the  patient  successively 
throws  his  weight,  because  the 
weak  gluteus  medius  cannot 
counteract  the  inclination  to- 
wards the  leg  that  is  off  the 
ground,  unless  the  balance  is 
exact.    The  greatest  defect, 
however,  is  in  the  power  of 
rising  from  the  floor,  and  the 
most  characteristic  peculiarity 
is  the  mode  in  which  this  is 
achieved,  if  still  possible,  and 
no  objects  are  near  by  which 
the  patient  can  aid  himself. 
He  commonly  has  not  suffi- 
cient power  to  extend  the 


Fig-.  142. — Mode  of  obtaining  extension  of  hips 
in  pseudo-hypertrophic  paralysis.  F,  ful- 
crum of  the  lever  formed  by  the  femur.  P, 
mean  position  at  which  the  power  is  applied 
by  contraction  of  the  quadriceps  femoris. 
W,  position  of  weight  in  the  ordinary  mode 
of  rising,  w,  the  place  to  which  part  is 
transferred  by  putting  hands  on  knees. 


Fia.l'lS.— Mode  of  rising  from  the  ground 
in  pseudo-hypertrophic  paralysis. 
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knees  when  the  weight  of  the  trunk  is  on  the  upper  extremity  of 
the  femur,  which  is  then  a  lover  in  which  the  power,  ai)i)lied  between 
the  fulcrum  and  the  weight,  acts 'at  least  advantage.    He  there- 
fore places  his  hands  on  his  knees,  as  in  Fig.  142 ;  and  his  arms 
thus  bring  much  of  the  weight  of  the  upper  part  of  the  trunk — on 
the  femur  close  to  the  fulcrum,  between  this  and  the  power,  which  can 
then  act  at  greater  advantage.    Moreover,  the  mere  weight  of  the  head, 
which  is  in  front  of  the  arms,  tends.to  aid  the  extension,  and  indeed  may 
effect  the  extension  of  the  knee  without  the  aid  of  the  extensor 
muscles,  as  anyone  may  ascertain  by  observing  the  mobility  of  the 
patella  in  this  attitude.    When  the  knees  are  extended,  the  power  of 
the  extensors  of  the  hip  may  be  sufficient  to  raise  the  body  into  the 
upright  position,  or  the  patient  may  aid  them  by  an  upward  push  with 
the  hand  as  he  takes  it  off.    If,  however,  these  extensors  are  weak,  the 
hands  are  often  moved  higher  and  higher  up  the  thighs,  grasping 
alternately,  and  thus  pushing  up  the  trunk.    To  get  thus  the  requisite 
support,  the  knees  must  not  be  quite  extended,  and  if  their  extensoi-s 
have  no  power,  the  device  cannot  be  employed,  and  the  patient  is  alto- 
gether unable  to  rise.    In  many  cases,  especially  when  extension  of  the 
hip  is  easy,  the  patient  achieves  the  extension  of  the  knees  in  another 
way;  he  puts  the  hands  on  the  ground,  stretches  out  the  legs  behind 
him  far  apart,  and  then,  the  chief  weight  of  the  trunk  resting  on  the 
hands,  by  keeping  the  toes  on  the  ground  and  pushing  the  body 
backwards,  he  manages  to  get  the  knees  extended,  until  the  trunk  is 
supported  by  the  hands  and  feet,  all  placed  as  widely  apart  as  possible 
(Fig.  143,  2).    Next  the  hands  are  moved  alternately  along  the  ground 
backwards,  so  as  to  bring  a.  larger  portion  of  the  weight  of  the  trunk 
over  the  legs.    Then  one  hand  is  placed  upon  the  knee  (Fig.  143,  3) 
and  a  push  with  this,  and  with  the  other  hand  on  the  ground,  is 
sufficient  to  enable  the  extensors  of  the  hip  to  bring  the  trunk  into  the 
upright  position. 

The  shortening  and  contraction  of  certain  muscles  lead  to  another 
group  of  symptoms,— distortions  due  to  permanent  alteration  in  the 
position  of  joints.  Some  of  these  are  produced,  as  are  distortions  in 
other  forms  of  muscular  weakness,  by  shortening  of  the  less  affected 
opponents  of  the  weaker  muscles.  Thus  the  knee-joints  become  fixed 
by  the  contraction  of  the  flexors,  and  the  elbow  by  the  contraction  of 
the  biceps  when  the  triceps  has  lost  all  power.  These  contractions 
only  occur  late,  and  are  usually  facilitated  by  the  habitual  flexion  of 
the  knee-  and  elbow-joints.  But  the  deformity  at  the  ankle-joint,  which 
results  from  contraction  of  the  calf-muscles,  commences  at  a  much 
earlier  period,  before  there  is  any  disproportionate  weakness  in  the 
opponents  of  these  muscles,  and  with  little  assistance  from  posture. 
It  coincides  commonly  with  the  diminution  in  bulk  of  the  muscle,  and 
is  the  result  of  the  shrinking  that  occurs  in  the  length  as  well  as  iu 
the  breadth  of  the  muscle,— a  primary  contraction.  As  a  consequence 
of  it  the  patient  cannot  get  the  heels  well  upon  the  ground,  and  the  foot 
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cannot  be  flexed  passively  Beyond  a  right  angle.  Th£  gradual  increase 
of  the  contraction  results  in  considerable  "  talipes  equinus."    In  conse- 


quence, of  the  muscular  weak 
ness  which  coincides,  the  patient 
is  able  to  walk  but  little,  and  the 
loss  of  the  extension  involved  in 
the  act  of  walking  permits  a 
rapid  increase  in  the  unopposed 
•contraction.    Tbe. feet,  as  Fig. 
144  shows,  soon  assume  a  pos- 
ture of  extreme  extension,  the 
dorsum  being  'in  a  line  with 
the  front  of  the  leg,  or  forming 
with  it  a  convex  curve. "  A 
subluxation  of  the  ankle-joint 
takes  place,  and  the  articular 
surface  of  the  astragalus,  its 
anterior  extremity,  and  that  of 
the  OS  calcis,  form  three  promi- 
nences under  the  skin.  Whtii 
this  reversal  of  the  ankle  oc 
curs,  the  tibiahs  anticus  can  no 
longer  act  as  a  flexor.  "* 

Another  deformity,  which  is 
due  chiefly  to  muscular  weak- 
ness, is  curvature  of  the  spine. 
An  antero-posterior  curve,  with 
the  concavity  back- 
wards, is  an  early 
symptom  of  the  dis- 
ease,   and    it  may 
become  extreme,  the 
upper  part   of  the 
trunk  being  carried 
so    far   back  that 
a  vertical  line  from 
the  scapula  falls  an 
inch  or  more  behind 
the  sacrum.     It  is 
due,  not  to  the  weak- 
ness of  the  trunk- 
muscles,  but  to  that 
of  the  extensors  of 
the  hip,  in  conse- 
quence of  which  the 


Pia.  144. — Late  stage  of  pseudo- hyper  tro- 
phic paralysis  :  a  boy  fourteen  years  old, 
with  muscular  contraction  and 
and  lateral  curvature  of  the  spine 


wasting 


Fig.  145.--Lad,  aged  fifteen ;  late  stage ;  wasting  of 
tJiighs ;  inability  to  sit  upright  in  consequence  of 
tbe  weakness  of  the  spinal  muscles. 


pelvis  is  inclined  forwards,  carrying  with  it  the  lower  lumbar  vertebrae 
and  the  abdomen  ;  hence  the  upper  part  of  the  trunk  has  to  be  held  far 
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back  to  keep  the  centre  of  gravity  of  tlie  body  over  the  feet.  The  proof 
of  this  mechauism  is  that  when  the  patient  sits,  and  the  pelvis  is  sup- 
ported on  the  ischial  tuberosities,  the  lordosis  disappears.  It  is,  in- 
deed, replaced  by  an  opposite  curve,  in  "which  the  back  becomes  convex, 
clearly  due  to  the  weakness  of  its  extensor  muscles.  This  curve  may 
become  very  great,  as  in  the  case  shown  in  Fig.  145.  This  weakness  of 
the  spinal  muscles  also  permits  the  occurrence  of  lateral  curvature 
(Fig.  144),  influenced,  in  its  direction,  by  the  habitual  posture  and 
the  preponderance  of  weakness  on  one  side  or  the  other. 

The  electric  irritability  of  the  muscles  is  not  usually  altered  until 
distinct  weakness  is  developed.  Then,  especially  after  wasting  sets  in, 
the  irritability  is  lowered,  alike  to  faradaism  and  voltaism.  There  is 
never  any  trace  of  degenerative  reaction. 

The  knee-jerk  may  be  at  first  normal,  but  as  the  extensors  of  the 
knee  become  feeble  it  is  always  lessened  and  gradually  disappears.  It 
is  never  excessive,  and  in  all  advanced  cases  it  is  lost.  Sensation  is 
unaffected,  and  so  also  are  the  sphincters  in  the  vast  majority  of  cases. 
Very  rarely'  there  has  been,  towards  the  end,  a  slight  difficulty  in  the 
retention  or  expulsion  of  urine,  to  be  regarded,  perhaps,  rather  as  a 
complication  than  as  an  effect  of  the  disease.  All  other  functions  of 
the  nervous  system  are  commonly  normal.  The  sympathetic  functions 
are  undisturbed,  and  in  most  cases  the  mental  development  of  the 
subjects  of  this  disease  is  rather  beyond  that  of  other  children  of  the 
same  age,  doubtless  on  account  of  the  indirect  influence  of  a  malady 
which  withdraws  them  from  active  amusements. 

The  rate  of  progress  of  the  disease  and  its  duration  vary  much. 
After  some  years,  often  between  ten  and  fourteen,  the  power  of  standing 
becomes  lost  in  consequence  of  the  increasing  weakness  and  the  con- 
traction of  the  calf -muscles.    The  latter  is  chiefly  influential,  and  if  the 
tendons  are  cut,  the  ability  to  stand  may  be  restored  and  may  remain 
for  some  years  more.    When  the  patient  ceases  to  walk,  the  muscular 
disease  makes  more  rapid  progress,  deformities  become  greater,  and 
lateral  curvature  of  the  spine  intensifies  the  effect  of  the  muscular 
weakness  in  limiting  the  respiratory  movements.    The  muscular  wast- 
ing may  then  become  great,  especially  about  the  shoulders  and  thorax, 
but  the  patient  may  live  on,  helpless,  except  in  the  hands,  for  several 
years.    Death  is  often  due  to  some  intercurrent  malady,  an  acute 
specific  disease,  acute  pneumonia  or  bronchitis.    In  other  cases  death 
is  the  result  of  chronic  lung  disease,  a  form  of  pneumonic  phthisis  or 
broncho-pneumonia,  which  develops  gradually,  with  httle  febrile  dis- 
turbance, apparently  in  consequence  of  the  influence  on  the  lungs  of 
the  lessened  respiration.    There  is  never  sufficient  impairment  of  the 
respiratory  muscles  to  cause  death  directly.    Such  pulmonary  disease 
generally  ends  life  some  time  between  twelve  and  twenty.  The  duration 
of  the  stage  of  helplessness  depends  very  much  on  the  care  which  the 
patient  can  obtain. 

In  the  cases  in  which  muscular  power  remains  good  until  after 
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puberty,  the  progress  of  the  disease  is  generally  slow.  The  patient 
may  reach  the  age  of  thirty  before  power  is  much  impaired.  It  is  possible 
that,  in  some  cases,  the  disease  never  attains  a  considerable  degree. 
More  frequently,  however,  after  slight  symptoms  have  lasted  for  some 
■  years,  a  rapid  increase  occurs,  and  very  few  patients  reach  the  age  of 
forty.  The  course  of  the  disease  is  slower  in  girls  than  in  boys,  and 
females  furnish  a  relatively  large  proportion,  perhaps  one  half,  of  the 
late  cases. 

Vaneties.— The  chief  varieties  of  the  disease  depend  on  the  age  at 
which  it  commences,  and  on  the  condition  of  the  muscles,  whether  they 
are  large  or  small.  In  rare  cases  a  single  muscle 
may  be  large,  and  the  rest  small,  as  in  Fig.  146, 
in  which  only  the  vasti  were  increased  in  size. 
Or  everywhere  and  from  the  first  the  muscles 
are  smaller  than  normal,  and  they  progressively 
waste.  Such  cases  are  not  uncommon  ;  in  the  first 
group  of  cases  described  (by  Meryon),  enlarge- 
ment of  muscles  was  inconspicuous.  Many  cases 
in  which  all  muscles  are  small  belong  properly  to 
the  form  considered  in  the  next  section.  The  cases 
described  by  MeryOn  are  generally  regarded  as 
examples  of  pseudo-hypertrophic  paralysis,  but 
they  present  many  points  of  resemblance  to  the 
"  simple  atrophy  "  described  further  on. 

Complications.— Congenital  mental  weakness, 
due  apparently  to  defective  development  of  the 
brain,  sometimes  complicates  pseudo-hypertrophic 
paralysis.  In  rare  cases  there  have  been  indica- 
tions of  some  other  morbid  condition  of  the 
central  nervous  system,  such  as  epilepsy.  It  is  uncertain  in  what  light 
the  slight  occasional  affection  of  the  bladder  is  to  be  regarded 
whether  as  an  mvasion  of  the  vesical  muscles  or  as  a  central  compli-' 
cation.  Vigoroux  has  recorded  a  case  in  which  the  symptoms  of 
pseudo-hypertrophic  paralysis  were  combined  with  the  peculiar  rigidity 
of  Thomsen  s  disease.  Of  course  the  subjects  of  the  disease  are  liable, 
hke  other  children,  to  various  diseases  of  the  nervous  system,  such 
for  instance,  as  chorea,  which  brought  one  well-marked  case  under 
my  notice,  but  these  are  merely  accidental  complications. 

PATHOLoaicAL  ANATOMY.^It  is  rare,  at  the  time  of  death,  for  any 
muscles  to  be  actually  larger  than  natural,  and  most  of  those  that  are 
affected  are  usually  below  the  normal  size.  They  are  pale  and 
yellowish  in  colour,  and  often,  to  the  naked  eye,  resemble  perfectly 
masses  of  adipose  tissue.    The  resemblance  is  not  merely  one  of  aspect 

tir^'^r.  u   -^^  ^^^^°««°P^'  be  difiicult  for  the  observer  to 

rea  ise  that  he  is  not  looking  at  a  fatty  tumour.  Nothing  may  be  at 
first  visible  but  fat  cells,  precisely  like  those  of  adipose  tissue.  Among 


Fig.  146,— Enlarge- 
ment of  the  vasti 
and  not  of  the 
rectus.  In  this  case 
all  other  muscles 
were  below  normal 
size. 
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tlie  cells,  however,  are  tracts  of  nucleated  fibrous  tissue,  and  a  closer 
examination  of  those  shuws  that  the  tracts  contain  also  muscular  fibres 


Fig.  147. — Gastrocnemius  muscle;  muscular  fibres,  irregularly  nar- 
rowed and  in  part  degenerated,  lie  amoug  tracts  of  uucleiited  fibrous 
tissue,  separated  by  adipose  tissue. 


Fig.  148.— Gastrocnemius  muscle  j  two  nearly  normal  muscular  fibres, 
accompanied  by  fibrous  tissue,  surrounded  by  fat  cells. 

(Fig.  147),  most  of  them  much  narrower  than  normal.  They  are  also 
irregular  in  width ;  a  broad  fibre,  for  instance  (as  in  the  figure),  sud- 
denly becoming  narrow. 

The  fibres  for  the  most  part  preserve  their  transverse  striation,  but 
where  they  are  narrowest  this  may  have  in  part  disappeared,  either  by 
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granular  degeneration,  or,  more  commonly,  by  a  simple  fading  of  the 
strife.  In  the  narrowed  fibres  the  striiB  are  sometimes  farther  apart 
than  noiTnal.  In  other  parts  broad  fibres  may  be  seen,  normal  or 
nearly  normal  in  aspect  (Fig.  148)  coursing  among  the  fat  cells,  and 
accompanied  by  a  smaller  amount  of  fibrous  tissue.  Large  fibres 
occasionally  present  fatty  degeneration,  or  a  longitudinal  striation, 
but  these  are  rare.  Some  empty  sarcolemma  sheaths  may  be  seen 
where  the  narrowing  of  the  fibres  is  greatest.  In  muscles  that  still 
preserve  some  red  tint,  the  amount  of  fat  is  less,  and  there  is  often 
a  relatively  larger  amount  of  interstitial  fibrous  tissue. 

In  some  of  these  the  interstitial  tissue  may  be  almost  entirely 
fibrous,  a  few  fat  cells  only  being  visible  here  and  there.  In  such 
muscles  it  is  common  to  find  the  fibres  more  damaged  than  in 
those  in  which  the  growth  is  partly  fatty.  It  is  chiefly  in  the 
latter  that  many  normal  fibres  are  seen.  No  muscular  fibres  larger 
than  normal  have  been  found  after  death,  but  such  fibres  have  been 
seen  in  fragments  removed  during  life  by  excision  or  by  a  "  harpoon- 
trocar  ;  "  it  is  probable  that  the  increased  size  was  due  to  a  vital 
contraction  under  the  mechanical  stimulus  involved  in  the  extraction. 
(See  note,  p.  410). 

The  motor  nerves  to  the  muscles  have  not  in  any  case  been  found 
diseased.    The  condition  of  the  sensory  muscle-nerves  (which  terminate 
in  the  interstitial  tissue  in  which  the  primary  morbid  process  occurs) 
has  not  been  ascertained  in  any  instance.    In  several  cases  in  which 
the  spinal  cord  has  been  examined  it  has  been  perfectly  normal.    In  a 
few  there  have  been  slight  and  irregular  degenerative  changes.  They 
have  not  been  so  marked  in  any  other  case  as  in  one  examined  by 
Lockhart  Clarke  and  myself.*    In  this  case  the  cervical  and  dorsal 
regions  were  normal,  with  the  exception  of  here  and  there  slight 
accumulations,  at  the  bottom  of  the  fissures,  of  products  of  degene- 
ration, probably  derived  from  the  perivascular  erosion  common  at  all 
ages.    At  the  last  dorsal  segment,  however,  there  was  an  area  of 
granular  disintegration  in  the  intermediate  grey  substance  on  each 
side,  in  front  of  the  posterior  vesicular  tract.    This  part  was  unduly 
translucent  for  half  a  centimetre  in  vertical  extent,  and  in  the  middle 
of  this  area  the  disintegration  had  produced  an  actual  cavity  across 
which  the  fibres  for  the  cerebellar  tract  ran  unchanged. 

Pathology.— The  common  integrity  of  the  anterior  grey  matter  of 
the  cord,  and  especially  of  the  motor  nerve-cells,  seems  conclusive  evi- 
dence that  the  disease  of  the  muscles  is  not  due  to  a  primary  lesion  of 
the  spmal  cord.  Pseudo- hypertrophic  paralysis  is  not  therefore,  as 
was  at  first  thought,  merely  a  form  of  spinal  muscular  atrophy  with  a 
special  muscular  change.  The  significance  of  the  pathological  anatomy 
is  that  the  malady  is  a  primary  disease  of  the  muscles,  consisting 
in  an  overgrowth  of  the  interstitial  connective  tissue,  in  which  fat  may 

*  'Mcd.-Chir.  Trans.,'  vol.  Ivii,  p.  2-17. 
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or  may  not  be  deposited,  and  that  tlio  wasting  of  the  muscular  fibres 
is  secondary  to  the  interstitial  growth.  The  significance  of  the  con- 
ditions under  which  the  disease  occurs  is  that  the  disease  is  congenital, 
the  result  of  a  perverted  tendency  of  growth,  inherent  in  the  embx-yo, 
and  derived  from  the  germ  from  which  the  embryo  proceeds.  In  this 
connection  it  is  instructive  to  note  that  there  is  one  form  of  congenital 
tumour  the  structure  of  which  is  almost  exactly  the  same  as  that  of 
the  muscles  in  pseudo-hypertrophic  paralysis.    Fig.  149  might  be  a 


Fig.  149. — Section  of  a  myo-lipoma  which  was  attached  to  the  spinal 
cord  of  a  man  suffering  from  locomotor  ataxy,  for  comparison  with 
Figs.  147  and  148. 

fragment  of  a  muscle  in  this  disease,  but  it  is  a  section  of  a  myo-lipoma 
attached  to  the  conus  medullaris  of  the  spinal  cord  of  a  patient  whose 
muscles  were  healthy.  (The  tumour  is  shown  also  in  Fig.  155.) 
Such  a  tumour,  in  such  a  situation,  must  have  been  of  congenital 
origin,  due  to  the  misplacement  of  some  of  the  embryonal  elements 
from  which  muscular  tissue  is  developed,  a,nd  it  shows  that  from  such 
germ  tissue  the  structural  condition  found  in  pseudo-hypertrophic 
paralysis  may  arise. 

The  essential  lesion  is  the  growth  of  connective  tissue,  by  which  the 
fibres  are  damaged,  whether  fatty  tissue  is  formed  or  not.  Indeed,  the 
fibres  seem  to  suff"er  more  when  there  is  only  fibrous  tissue  than  when 
there  is  the  fatty  deposit.  It  is  chiefly  the  fat  that  causes  the  enlarge- 
ment of  the  muscles.  There  seems  to  be  a  tendency  to  the  formation 
of  fat  in  the  early  stage  of  the  disease,  and  to  its  removal  in  the  later 
stage,  since  in  the  former  the  muscles  may  often  be  observed  to 
increase  in  size,  and  in  the  latter  they  become  smaller,  partly  from 
some  removal  of  fat  and  partly  from  the  increasing  atrophy  of  the 
muscular  fibres.  It  is  then  that  the  greatest  impairment  of  pOwer 
occurs.  In  the  cases  in  which  the  muscles  are  small  from  the  first 
the  tendency  to  the  deposit  of  fat  seems  slight,  and  the  condition  is 
an  almost  pure  muscular  sclerosis.    The  late  shortening  which  occurs 
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seems  to  be  due  to  the  contraction  of  the  interstitial  fibroiis  tissue, 
and  it  often  coincides  with  the  shrinkage  from  the  removal  of  some  of 
the  fat  and  the  atrophy  of  the  muscular  fibres. 

If  it  be  true  that  the  latissimus  dorsi  and  lower  half  of  the 
pectoralis  are  sometimes  congenitally  absent  in  pseudo-hyperfcroijhic 
paralysis,  the  fact  is  quite  consistent  with  the  explanation  of  the  nature 
of  the  disease  given  above.  These  two  muscles  stand  perhaps  lowest, 
in  functional  importance,  among  the  muscles  of  the  body,  being  used 
chiefly  for  the  rare  depression  of  the  arm  against  a  resistance  (see  p. 
26).  It  is  readily  intelligible  that  a  defect  in  the  embryonal  tissue  of 
the  muscular  system  should  be  quantitative  as  well  as  qualitative. 

The  loss  of  the  knee-jerk  is  sufficiently  explained  by  the  muscular 
lesion.  According  to  the  theory  that  the  irritability  on  which  the 
jerk  depends  is  due  to  a  muscle-reflex  action,  the  loss  is  readily 
intelligible,  since  the  afferent  impulse  is  due  to  the  stimulation,  by 
tension,  of  the  sensory  muscle-nerves,  and  these  end  (or  begin)  in  the 
interstitial  tissue  which  is  the  seat  of  the  primary  morbid  process  in 
this  disease.  But  the  wasting  of  the  muscular  fibres  must  also  be 
capable  of  abolishing  the  knee-jerk  when  the  atrophy  reaches  a 
considerable  degree,  and  it  is  also  possible  that  the  motor  nerve- 
endings  share  the  structural  damage.  On  any  theory  of  the  nature  of 
the  knee-jerk,  this  will  explain  its  loss.  It  is  only  when  the  muscular 
changes  have  attained  a  considerable  degree  that  the  loss  occurs.  The 
fact  therefore  does  not,  in  itself,  suggest  any  lesion  of  the  spinal 
cord. 

Diagnosis.— The  diagnosis  of  the  disease  is  usually  easy,  if  its 
characters  are  known.  The  peculiarity  of  gait  and  the  mode  of  rising 
from  the  floor,  the  age  of  the  patient,  and  the  progressive  character  of 
the  impairment,  are  in  themselves  sufficient  to  suggest  the  disease,  and 
examination  reveals  enlargement  and  often  contraction  of  the  'calf- 
muscles,  and  a  change  in  the  size  of  others,  which  confirm  the  diagnosis. 
The  mode  of  rising  is  not  absolutely  pathognomonic,  because  it  is  present 
m  other  diseases  which  cause  a  gradual  weakening  of  the  extensors  of 
the  knee,  but  such  gradual  paralysis  is  exceedingly  rare  in  early  life 
from  any  other  cause.  Hence  the  peculiarity  is  of  great  diagnostic 
value,  greater  even  than  might  be  anticipated. 

Of  the  condition  of  the  muscles,  that  which  is  most  charactei-istic  is 
the  combmation  of  enlargement  of  the  infraspinatus  combined  with  a 
wastmg  of  the  latissimus  and  lower  part  of  the  pectoralis.  I  pointed 
out  some  years  ago*  that  this  condition,  when  it  exists,  is  of  very 
high  diagnostic  importance,  and  subsequent  observations  have  fully 
confirmed  the  opinion.  The  condition  is,  moreover,  rarely  absent 
The  cases  m  which  the  latissimus  is  not  wasted  are  often  untypical 
and  the  diagnosis  frequently  cannot  be  made  with  absolute  certainty' 
Next  m  importance  is  the  enlargement  of  the  calf-muscles,  especially 
*  '  Peeudo-hypertrophic  Miucular  Paralysis,'  London,  1879. 
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ill  comLiuation  with  contracture  that  cannot  be  overcome.  A  dis- 
tinct enlargement  of  part  only  of  the  extensor  of  the  knee  is  also  of 
very  great  diagnostic  significance.  It  is  important,  however,  to 
remember  that  enlargement  of  muscles  is  not  an  invariable  symptom 
of  the  disease.  They  may  be  gravely  diseased,  and  yet  of  normal  size, 
or  from  the  first  smaller  than  normal.  In  such  cases  they  are  often 
hard,  and  the  distribution  of  the  atrophy  is  the  same  as  that  of  the 
double  change  in  typical  cases.  But  some  cases  of  this  character 
properly  belong  to  the  form  described  in  the  next  section. 

The  disease  which  is  most  frequently  mistaken  for  pseudo-hyper- 
trophic  paralysis  is  the  so-called  "  congenital  spastic  paraplegia," 
described  at  a  preceding  page.  Both  diseases  affect  children ;  in  both 
there  are  weakness  of  the  legs  and  contraction  of  the  calf -muscles,  and 
in  both  the  muscles  are  frequently  large.  The  chief  points  in  the 
diagnosis  have  been  already  mentioned.  The  most  important  are  the 
preservation  and  excess  of  the  knee-jerk  in  spastic  paraplegia,  the 
tendency  to  spasm  of  the  legs,  the  facts  that  the  contracture  is  active, 
and  can  be  overcome,  that  the  patient  does  not  rise  from  the  ground, 
in  the  way  peculiar  to  pseudo-hypertrophic  paralysis,  and  the  opposite 
tendency  of  the  two  diseases.  Between  spinal  muscular  atrophy 
and  this  disease  a  difficulty  in  diagnosis  can  arise  only  in  untypical 
cases  in  which  no  muscles  are  large.  The  age  of  the  subjects  is 
different ;  the  spinal  form  involves  the  hand-muscles  in  most  cases, 
and  rarely  affects  the  legs  more  than  the  arms,  while  in  many  cases  the 
legs  are  the  seat  of  spasm. 

The  form  of  idiopathic  muscular  atrophy  described  in  the  next 
section  is  allied  to  pseudo-hypertrophic  paralysis,  and  if  a  diagnostic 
difficulty  arises  it  will  chiefly  be  as  to  the  category  in  which  a  case 
should  be  placed  in  which  there  is  no  conspicuous  muscular  enlarge- 
ment. The  most  important  distinction  is  the  freedom  of  the  calf- 
muscles  from  enlargement  in  the  atrophic  fonn.  The  face  is  never 
affected  in  pseudo-hypertrophy  as  it  is  sometimes  in  idiopathic 
atrophy.  If  more  than  one  member  of  a  family  is  affected,  some  of 
the  sufferers  will  usually  present  characteristic  symptoms  if  the 
malady  is  of  the  pseudo-hypertrophic  type,  for  it  is  remarkable  with 
what  constancy  the  two  forms  remain  distinct  in  the  various  families 
(see  p.  403).  If  an  excised  fragment  presents  no  increase  of  inter- 
stitial tissue,  pseudo-hypertrophy  is  excluded,  but  the  presence  of 
some  fibrous  tissue  between  the  muscular  fibres  does  not  prove  that 
the  case  is  of  the  pseudo-hypertrophic  type,  since  some  muscles  may 
present  this  change  in  a  case  of  the  atrophic  form. 

PnoaNOSis.— In  any  case  of  pseudo-hypertrophic  paralysis  the 
prognosis  is  most  grave.  It  is  almost  certain  that  each  year  will 
bring  increasing  disability,  and  that  the  patient  will  not  reach  adult 
life.  It  is  only  when  the  disease  develops  late,  and  the  symptoms  do 
not  become  considerable  until  after  twenty  years  of  age,  that  there  is  a 
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possibility  that  the  disease  may  not  attain  its  ultimate  degree,  but 
even  m  such  cases  this  hope  is  seldom  realised.  In  any  case,  and  at 
any  age,  it  is  unlikely  that  the  patient  will  live  more  than  seven  years 
alter  the  power  of  standing  is  lost. 

TBBATMENT.-Pseudo-hypertrophic  paralysis  is  one  of  those  diseases 
against  the  essential  elements  of  which  the  physician  is  powerless,  and 
will  probably  remain  so.  So  far  as  our  present  knowledge  goes  a 
developmental  tendency  to  tissue  growth  is  beyond  control.  It  is  not 
sm-pnsmg,  therefore,  that,  of  the  many  drugs  which  have  been  given  in 
this  disease,  not  one  has  beenfound  to  exert  a  distinct  influence.  Arsenic 
and  phosphorus  have  been  thought  by  some  to  retard  the  progress 
of  the  weakness,  but  m  no  case  has  permanent  arrest  been  obtained. 
In  a  malady  of  which  the  course  is  so  prolonged,  and  in  which  the 
p  ocess  of  fadure  is  so  gradual,  it  is  easy  to  fancy  that  arrest  has  taken 
place  when  the  course  of  the  disease  is  not  actually  retarded.  The 

effect  from  the  use  of  either  faradaism  or  voltaism.    Indeed,  we  have  no 
acts  whatever  to  justify  the  expectation  that  any  form  of  electricity, 

g lowth  of  fibrous  tissue,  or  that  any  electrical  stimulation  of  the 
fibies  can  save  them  from  the  destructive  influence  of  the  compression 
veiwlelr-    ^*,"^^^.^^™-tered,  moreover,  that  electrici;  a 
ve  7  feeble  agent  m  stimulating  muscular  fibres  to  growth,  compared 
with  the  physiological  stimulus  of  voluntary  effort  «<^^P'^^ecl 
Muscular  exercise  does  seem  to  have  some  influence  in  retarding  the 
failure  of  power.  It  may  perhaps  cause  some  growth  or  increased  ca^a 
city  for  contraction  in  the  muscular  fibres  that  hav  "^^7^^^ 
It  IS  possible  also  that  it  may.  to  some  extent,  divert  the  trophic Tneiy 
from  the  interstitial  tissue,  since  cessation  of  muscular  exercTse  f 
certainly  followed  by  quicker  failure  of  strength.    Hen'eTt  is  de  LI 

™^eirr^^^ 

These  1      '  "'^^"^  ^ost  need  help 

These,  thoroughly  persevered  in,  have  seemed,  more  than  anv  other 
means    o  retard  the  disease.    But  they  have  n;t  in  any  case  aJr  ted 
It.    Eubb  ng  and  massage  are  useful,  combined  with  passive  move 
.Tnt  d^fJ^^       '-'-^  -  — n  and  cr:: 

the'^paVi^^^^^^^^^^      r"""'r  ^'^y  ^-P-t-*  to  keep 

^2TTeZ^Z  S  as  long  as  possible.    The  ability  to  stand  and 
7oZfLT^     \      '  ^^"''''^^        contraction  of  the  calf-muscles 

some  vet«  t  ^'"^"'"^^         ^^^^^^^^       ^ov^er  of  walking  for 

SeLtl    It  !h    iT  ^  '^''-^'^'^  distinctly 

beneficml.    It  should  be  performed  without  delay  as  soon  as  tho 
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actual  need  for  it  arises,  and  division  of  tlie  tendon  is  far  better  tlian 
the  removal  of  the  deformity  hy  splints,  which  requires  a  certam  time 
during  which  additional  structural  damage  will  occur. 

During  the  later  stages  of  the  disease  great  care  is  required  to 
IDreserve  the  patient  from  catarrh,  which  helps  to  excite  the  pulmonary 
mischief  that  so  often  ends  life.  Similar  care  is  also  needed  during 
any.  intercurrent  malady  which  the  patient  may  contract. 


Simple  Idiopathic  Musculae  Atrophy. 

The  name  "simple  idiopathic  muscular  atrophy,"  is  perhaps  the 
most  convenient  term  under  which  to  include  those  forms  of  .widespread 
muscular  wasting,  which  differ  in  their  characters  from  the  pseudo- 
hypertrophic disease,  and  which,  according  to  present  evidence,  are  not 
central  in  nature.    The  affection  is  a  rare  one,  and  the  cases  present 
wide  differences  in  character  and  course.    But  they  possess  certain 
common  features  by  which  the  disease  can  be  identified  with  consider- 
able confidence.    Of  these  the  most  important  is  the  remarkable  ten- 
dency of  the  afiection  to  occur  in  many  members  of  the  same  family.* 
The  separation  from  the  pseudo-hypertrophic  form  is  not  an  absolute 
one.    Intermediate  cases  are  met  with,  usually  isolated,  and  it  may  be 
difficult  to  decide  in  which  category  they  should  be  placed.    An  obvious 
distinction  is  the  presence  or  absence  of  enlargement  of  muscles,  but 
we  have  seen  that  this  is  a  very  inconstant  featixre  of  the  pseudo-hyper- 
trophic form.    Nevertheless  there  are  other  differences  which  will  be 
considered  in  the  account  of  the  symptoms,  and  it  is  remarkable  with 
what  constancy  the  two  forms  keep  separate.    In  those  families  m 
which  simple  muscular  atrophy  occurs,  however  numerous  the  cases, 
however  different  the  distribution  of  the  disease,  and  however  various 
the  ages  at  which  it  begins,  no  cases  present  the  distinctive  characters 
of  pseudo-hypertrophic  paralysis.f    It  may  reasonably  be  anticipated 
that  there  is  some  absolute  pathological  difference  between  the  two 
diseases,  underlying  the  difference  in  their  clinical  characters  and  their 
separate  incidence.    The  anticipation  may  seem  to  be  verified  by  the 
fact  that  in  some  cases  of  simple  atrophy  there  has  been  no  increase  of 
interstitial  tissue,  but  merely  a  primary  wasting  of  the  muscular 
fibres.    But  in  some  other  cases  there  has  been  such  interstitial  over- 
growth in  some  muscles,  and  this  when  not  one  of  many  cases  in  the 
family  resembled  pseudo-hypertrophic  paralysis.    Hence  it  is  doubtful 
whether  the  presence  or  absence  of  an  increase  in  the  interstitial  tissue 
*  The  most  important  writings  on  the  subject  are  those  of  Duchenne  in  'Electri- 
sation Localise'  (p.  60  of  Poore's  translation,  published  by  the  New  Sydenham 
Societv);  Barsickow,  '  Inaug.  Dissert./  Halle,  1872;  Leyden,  '  Khn  d.  Ruckenm 
Krank.  Bd.ii,  p.  525;  Mobius,  "Hered.  Nervenk.,"  Volkmann's  '  Khn.  Vortrage, 
No  171  •  Erb  '  Deut.  Archiv  f.  klin.  Med..'  Bd.  34,  1884,  and  '  Neurol.  Centralbl., 
July  1st,'  1886;  Landouzy  and  Dejerine,  'Revue  de  M6d.,'  1885,  pp.  81  and  251 

t  This  is  an  important  fact.    We  must  not  actually  unite  in  our  classification 
forms  of  disease  which  are  habitually  separate  in  occurrence. 
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can  be  made  a  ground  of  separation,  although  it  is  certain  that  in 
some  cases  of  simple  atrophy,  there  is  no  such  increase,  and  on  the 
other  hand  that  it  is  invariable  in  pseudo-hypertroj^hy. 

Among  the  symptomatic  varieties  presented  by  idiopathic  muscular 
atrophy  it  is  easy  to  distinguish  certain  forms,  especially  in  regard  to 
the  part  m  which  the  wasting  begins.  But  if  we  regard  these  as 
distinct  types,  and  attempt  to  test  the  validity  of  the  types -by 
ascertaining  how  far  they  are  associated  with  differences  in  the  con- 
di  ions  under  which  the  disease  occurs,  we  discover  at  once  that  the 
de2l7    \       Z"'  ^""^^^^  ^^^^^'^^  distinction  of 

dli.tr        11  ^''^'''^  ^^^^^  ^^^^^  ^«  -marked 

diffei  ence  may  all  occur  m  the  same  family.    For  instance  the  atrophy 

sometimes  commences  in  the  face,  and  Duchenne  described  this 
But  m  a  family  m  which  the  atrophy  commenced  in  the  face  in  moft 

TJ  I  i      f  ^^^^^r      ^  family  although  the 

^  the;^n1^^^^^^  escaped  alto! 

sTon  of  thrr'  f 1 '  ''''  association  invaUdates  our  subdivi- 
s  mration  of^^^^^  1  -mple  atrophy,  as  distinctly  as  it  serves  us  in  the 
separation  of  simple  atrophy  from  the  pseudo- hypertrophic  form. 

CAirsES.-The  ultimate  cause  in  all  cases,  and  in  most  the  onlv 
cause  which  can  be  traced,  is  a  congenital  tendency,  often  clearly 
mherited.    The  proof  of  this  tendency  is  the  occurrence  of  many  tst 
m  the  same  family,  and  the  evidence  of  its  inheritance  is  The  "d Ltri 
bution  of  the  cases  through  more  than  one  generation  T. 

tX:Str7l  T'-'  twen^Vfo™  w  re  diV 

tiibuted  through  five  generations,  and  the  disease  was  also  traced 
through  five  generations  in  a  group  described  by  Landouzy  and 
Dejerine.    It  is  very  rare  for  the  disease  to  be  confined  to  one 

"  r -rth!  ''^^  f  P-u<io-hypertrophic  paralysis  to  bTso" 
confined.    As  m  the  case  of  most  congenital  hereditary  diseases  case. 

TesZ:T:^Zr'''''  —^''^     such  Xtei 

life,  has  seldom  been  discovered  T^  !' ,  .  T  suspected  during 
donbtprl  Tr.  +1,  *  ;^S't'Overea.  ifiat  isolated  cases  occur  is  un- 
doubted. In  the  families  of  the  patients  shown  in  Pi^s  150  S«n^  1  Si 
no  example  of  analogous  disease  could  be  heard  of  ^ 

prot^TeViLtrt^^^  Z 

in  others  malp<,  h^.i  ^         .      families,  females  have  suffered  chiefly, 

of  both  sexe  '  '  S^^^  ^^'T.^^^  individuals  affected  have  been 

extrerneirvaliabl    I?         J'^-       ^^'^'^^         ^'^^'^'^  - 
remely  vanable.    It  may  begin  as  early  as  three  and  as  late  as 
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sixty  years.     But  the  ouset  is  rarely  during  cliildhood ;   in  the 
majority  of  cases  the  disease  shows  itself  between  fifteen  and,  thirty- 
five  ;  that  is,  during  the  later  period  of  growth  and  the  early  period 
of  adult  life.    In  the  same  family,  the  variations  may  be  extreme. 
In  that  of  which  the  history  has  been  given  by  Barsickow  the  date  of 
the  onset  of  seventeen  cases  was  known ;  in  one  the  disease  began  at 
twelve,  in  four  between  fifteen  and  twenty,  in  seven  between  twenty  and 
thirty,  in  three  between  thirty  and  forty,  and  in  two  after  forty.  Se.x: 
has  no  influence  on  the  date  of  onset,  nor,  as  a  rule,  can  any  relation 
be  traced  between  the  date  and  the  place  at  which  the  wasting  begins. 
When  the  wasting  begins  in  the  face,  the  disease  more  frequently 
commences  in  childhood  than  when  the  first  wasting  is  in  the  limbs  ; 
but,  in  some  instances,  the  atrophy  has  commenced  in  the  face  late 
in  life,  and  this  in  the  same  family  in  which  other  sufferers  have 
been  young.*    Thus,  in  the  sexual  proclivity,  and  in  the  date  of  onset, 
there  is  a  marked  difference  between  this  disease  and  pseudo-hyper- 
trophy ;  the  latter  showing  a  strong  tendency  to  affect  males,  and  to 
manifest  itself  in  childhood. 

A  s  a  rule  no  direct  exciting  cause  can  be  traced .  In  a  few  instances 
the  onset  has  succeeded  some  other  morbid  process-such  as  chlo- 
rosis, acute  disease,  rheumatic  affections  due  to  exposure  to  cold,— and 
the  depression  of  general  health  resulting  from  these  may  have  deter- 
mined the  time  of  onset.  But  in  other  individuals  of  the  same  famihes 
the  disease  has  developed  without  the  aid  of  any  exciting  influence. 

.  Symptoms.- The  onset  is  always  gradual.  Weakness  and  wasting 
come  on  together,  and  are  noticed  simultaneously,  unless  the  com- 
mencing atrophy  is  concealed  by  subcutaneous  fat.  The  atrophy 
generally  begins"  in  the  upper  arm  muscles,  the  legs,  or  the  f  ace  ;  the 
most  frequent  commencement  is  in  the  arms,  but  in  some  famihes 
there  has  been  a  tendency  to  commencement  in  the  face  m  others  m 
the  leo-s.  The  face  was  first  affected  in  the  lad  figured  on  p.  406 
In  the°  part  first  affected  the  disease  slowly  increases,  and  thence  it 
usually  spreads.  The  onset  may  be  symmetrical  on  the  two  sides,  or 
one  side  may  suffer  some  time  before  the  other.  -,  «   ,  • 

Of  the  arm-muscles  the  weakness  and  wasting  are  noticed  first  m 
the  biceps  and  triceps,  and  with  these  the  supinator  longus  often 
suffers.  But  examination  generally  shows  that  the  lower  pait  of  the 
pectoralis  and  latissimus  dorsi  are  greatly  wasted,  a  loss  of  ^^^^^  f^^ 
patient  may  be  little  aware,  on  account  of  the  relative  unimportance  of 
these  muscLs.  Sometimes  the  upper  part  of  the  pectorabs,  and  even  the 
pectoralis  minor,  are  also  affected  (Fig.  151)  .  ^he  tendency  to  aU.phy 
oi  the  lower  part  of  the  pectoralis  and  latissimus  is  a  character  common 
to  thl  diLase  and  pse'u do-hypertrophic  paralysis,  but  -t  "^^^^ 
in  either    The  deltoids  are  rarely  involved ;  m  many  cases  they  aio 

*  It  seems  therefore  undesirable  to  Torn,  a  separate  variety  of  ".iuvenilc  n.uscular 
atrophy."  as  Erb  has  proposed.    Spinal  atrophies  may  also  be  juve.ule. 
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normal;  sometimes  they  have  beea  thought  to  he  unduly  large;  in  a 
few  instances  they  have  been  wasted  (Fig.  154).  The  serratus  magnus 
is  often  affected  (Fig.  153),  but  may  escape,  even  in  a  severe  case. 
The  supraspinatus,  infraspinatus,  and  subscapulars  are  rarely  in- 
volved; the  trapezius  and  rhomboids  have  been  affected  in  many 
cases,  sometimes  entirely  atrophied  (Fig.  153). 

The  forearm-muscles  generally  escape,  with  the  exception  of  the 
supmator  longus,  which  usually  wastes  entirely  when  the  other  forearm - 
muscles  are  intact.    Occasionally  there  has  been  some  weakness  of  the 
long  extensors  or  flexors  of  the  fingers,  with  or  without  slight  visible 
wasting.    In  the  case  mentioned  on  the  next  page,  the  extensors  of 
the  phalanges  of  the  thumb  were  involved  on  the  left,  and  the  radial 
extensor  of  the  wrist  on  the  right  side.    Rarely  the  forearm-muscles 
have  been  much  atrophied.    In  several  instances  there  has  been  some' 
atrophy  of  the  small  muscles  of  the  hands,  the  thenar  and  interosseal 
muscles  (as  m  a  case  presently  to  be  described),  or  the  interossei 
only,  as  m  the  case  of  Landouzy  and  D(^jerine,  but  in  the  majority 
the  integrity  of  these  muscles  was  a  marked  feature  of  the  disease  and 
a  contrast  to  the  spinal  form. 

The  affection  of  the  face  is  peculiar.  There  is  commonly  a  failure 
of  the  zygomatic  muscles,  and  in  consequence  a  loss  of  the  naso-labial 
furrow,  and  a  curious  alteration  in  the  smile;  instead  of  the  andes  of 
the  mouth  bemg  drawn  outwards  and  upwards,  they  are  moved 
upwards  by  the  elevators  of  the  upper  lip  and  angle  of  the  mouth  ■ 
ihe  orbicularis  oris  is  also  affected,  and  in  consequence  the  lips  are. 
hab,  ually  separated,  the  lower  lip  projects,  the  patient  cannot 
_^  pout,  and  the  articulation  of  labials  is  imperfect.  The  face  has  a 
dull  expression  and  the  aspect  is  very  peculiar;  it  has  been,  termed - 

f[.  UI  wf^"   .^'^^^^  "-^°P-t^-  face."     Earely  (as  in 

-^ig.  151   the  frontales  have  been  involved,  and  the  orbicularis  palpe- 
brarum has  been  weak.    In  this  case  the  affection  of  the  face  is 
unusually  complete.  Wasting  of  the  muscles  may  be  indistinct  because 
he  contour  of  the  face  is  only  to  a  slight  degree  influenced  by  the "ub 
stanceof  the  muscles.    The  projecting  lower  lip  may,  indeed.^pear  to 
be  thicker  than  normal.    In  many  cases  the  buccinators  iave  been 
affected,  in  some  instances  they  have  been  normal,  and  then  have 
drawn  out  the  angles  of  the  mouth  in  smUing.    The  tongue  has  been 
always  unaffected,  and  so  also  have  the  pharynx,  laryn!,  muscles  of 
mastication,  and  the  eyeball-muscles.*     ^     ^    '      ^    '  ^^^scies  ot 

that  of  the  eye,;  the  .,g,u,.tio  „u.clc,  were  po.erle,..  so  th.t  the  sJ"c:S 
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The  muscles  of  the  spine  liave  sometimes  been  normal,  sometimes 
they  have  been  considerably  atrophied.  The  intercostals  are  often 
affected  in  the  later  stages,  but  rarely  in  extreme  degree.  The 
diaphragm  also  sometimes  suffers,  as  in  the  case  shown  in  Fig.  150. 
The  abdominal  muscles  have  been  involved  in  only  a  few  instances. 
In  the  legs  the  muscles  most  commonly  affected  are  the  flexors  of  the 
hip,  the  extensors  of  the  knee,  and  less  frequently  the  glutei.  The 
muscles  below  the  knee  have  escaped  in  maily  cases ;  when  they  have 
suffered,  the  atrophy  has  generally  involved  the  peroneal  group,  and 
the  calf-muBcles  have  been  normal,  a  very  marked  contrast  to  pseudo- 
hypertrophic paralysis.  The  calf-muscles,  however,  shared  the  general 
wasting  in  the  case  shown  in  Fig.  164. 

The  electric  irritability  of  the  affected  muscles  is  usually  lessened 
in  proportion  to  the  wasting,  and  equally  to  both  currents.  Indeed,' 
the  diminution  is  often  out  of  proportion  to  the  wasting,  and  may  be 
great  when  the  atrophy  is  slight.  There  is  no  trace  of  degenerative 
reaction,  and  there  is  not  even  the  longer  persistence  of  voltaic  than 
of  faradaic  irritability  which  occurs  in  the  more  chronic  cases  of  spinal 
atrophy.  Fibrillation  is  also  absent,  as  an  almost  invariable  rule ; 
it  has  been  observed  only  twice.  Myotatic  irritability  is  lessened  or 
lost,  it  is  never  increased.  Some  shortening  of  muscles  has  been 
occasionally  noted,  frequently  in  the  calf -muscles,  rarely  in  the  biceps. 

All  other  functions  of  the  nervous  system  are  unaffected.  Sensi- 
bility is  normal.  In  a  few  cases  transient  rheumatoid  pains  have 
accompanied  a  rapid  development  of  the  disease  in  the  arms,  but  in 
the  vast  majority  of  cases  the  disease  is  painless.  The  sphincters  are 
unaffected,  and  there  is  no  tendency  to  trophic  or  vaso-motor  dis- 
turbance. 

As  the  muscular  atrophy  progresses,  the  form  of  the  affected  parts 
becomes  changed  just  as  in  spinal  atrophy.  Deformities  may  also 
occur,  chiefly  from  the  shortening  of  unaffected  muscles,  but  these 
rarely  reach  the  considerable  degree  common  in  other  forms  of  muscular 
atrophy.  Lordosis  occurs  in  the  upright  posture,  and  is  probably 
due  to  the  same  mechanism  as  in  pseudo-hypertrophic  paralysis, 
ceasing,  as  in  that  disease,  when  the  patient  sits  (compare  Figs.  150 
and  153).  When  the  muscles  of  the  lower  leg  are  involved,  talipes 
may  develop. 

The  course  and  duration  of  the  disease  are  exceedingly  variable. 
The  atrophy  may  remain  limited  to  the  part  in  which  it  begins.  The 
face  alone  has  been  affected  in  some  members  of  a  family,  although  in 

only  in  elevation  of  the  upper  lip ;  tlie  orbicularis  was  weak.  The  palate,  pharynx, 
and  larynx  were  normal.  The  arms  hecame  feeble,  and  the  flexors  of  the  hips 
almost  powerless.  There  was  no  visible  change  in  the  nutrition  or  electrical  irritability 
of  the  muscles ;  the  knee-jerk  was  normal.  If  the  case  was  central,  as  it  appeared 
to  be,  the  peculiar  afl^ection  of  the  lips  and  zygomatics  is  not  confined  to  idiopathic 
muscular  atrophy.  If  the  disease  was  muscular,  the  eyeball-muscles  do  not  invari- 
ably escape. 


Fio.  mo. 
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Figs.  150  to  153.— Idiopathic  muscular  atrophy  affecting  the 
iace.    big.  150  shows  the  wasting  of  the  deltoid,  upper  arm- 
muscles  and  supinator  longus,  and  the  rotation  of  the  scapula 
trom  the  loss  of  the  trapezius  and  rhomhoids.   Fio-.  151  shows 
the  habitual  appearance  of  the  face,  and  Fig.  152°the  greatest 
possible  movement  of  the  facial  muscles  in  closing  the  eyes  and 
smiling,  and  also  the  wasting  of  the  deltoids  and  pectorals. 
Ihe  general  distribution  of  the  atrophy  is  seen  in  Fig.  153.* 
*  The  patient  is  a  lad,  aged  sixteen.    No  family  history  of 
any  similar  affection.    He  had  primary  and  secondary  syphilis 
at  three.     The  wasting  began  gradually  during  childhood; 
movement  of  the  face  almost  ceased  at  six;  walking  became 
difficult  at  twelve.    Now,  the  face  is  almost  motionless;  lips 
tull  and  can  be  brought  together,  but  not  shortened.  Eyeballs 
prominent,  their  movements  normal,  and  also  those  of  masseters, 
tongue,  pharynx,  and  larynx.   Sterno-mastoids  small,  amohyoids 
large.    Quite  atrophied  are  the  diaphragm,  trapezii,  rhomboids, 
deltoids,  pectorales,  latissimi,  serrati,  biceps,  brachiales,  triceps, 
supinators,  the  left  extensors  of  the  phalanges  of  the  thumb, 
and  right  ext.  carpi  radialis.    Unaffected  are  the  other  forearm 
and  hand  muscles,  the  lev.  ang.  scap.,  supra-  and  infra-spinatus, 
the  ast  being  large,  probably  from  over-use.    Erectors  of  spine 
feeble,  intercostals  strong.    Extensors  of  hip  and  flexors  of 
knees  normal;  flexors  of  hip  and  extensors  of  knee  very  feeble, 
the  la  ter  small ;  muscles  of  lower  leg  small  and  feeble,  peronei 
powerless;  some  contraction  of  calf  muscles.  Knee-jerk  absent. 
Electric  irritability  very  low  to  each  current  in  affected  muscles ; 
in  most,  no  contraction  to  be  obtained.    Functions  of  nervous 
system  normal. 


Fig.  153. 
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otlier  members  tlio  limbs  subsequently  suffered.  In  cases  in  which 
the  wasting  spreads,  years  may  intervene  before  the  extension  takes 
place.  In  one  case,  for  instance,  the  right  arm  became  affected  at 
nineteen,  the  left  at  twenty-five,  the  legs  at  thirty.  In  another  the 
arms  began  to  waste  at  thirty-five,  power  of  standing  was  only  lost  at 
fifty-five,  and  the  patient  lived  till  seventy-five.  Even  when  the  malady 
begins  in  childhood  its  progress  is  sometimes  very  slow.  Thus  in  one 
case  the  affection  of  the  face  was  first  noticed  at  five,  at  twelve  the 
arms  began  to  suffer,  and  a  few  years  later  the  flexors  of  the  hip 
became  weak,  but  the  patient  was  still  able  to  walk  at  the  age  of  forty. 
On  the  other  hand,  the  progress  of  the  disease  may  be  more  rapid 
and  uniform,  and  the  atrophy  may  reach  its  widest  distribution  in 
eight  or  ten  years.  In  most  cases,  even  of  severe  type,  the  wasting 
does  not  become  universal,  but  remains  limited  to  the  muscles 
rnentioued  above.  Occasionally  hardly  any  muscles  of  the  body  may 
escape.  An  example  of  such  rare  universal  atrophy  is  shown  in  Fig. 
150,  and  the  case  is  also  noteworthy  from  the  commencement  in  a 
somewhat  rare  seat,  the  lower  legs,  and  in  the  degree  of  involvement 
of  the  hands.  The  patient  was  a  man  aged  twenty -seven  at  the  time 
of  his  death  (in  University  College  Hospital).  No  history  of  any 
analogous  case  in  his  family  could  be  ascertained.    The  affection 


Fig.  154. — Idiopathic  muscular  atrophy.    (Di-awn  hy  Dr.  Spencer, 
from  a  photograph.) 


began  at  the  age  of  fourteen,  when  his  feet  began  to  turn  in  so  that 
he  walked  on  the  outer  side  of  the  foot,  and  soon  he  noticed  gradual 
wasting  of  the  legs,  which  slowly  progressed,  and  about  the  age  of 
twenty-four  the  arms  also  began  to  suffer.  When  first  seen,  a  few 
months  before  his  death,  the  muscular  atrophy  was  universal,  and  the 
subcutaneous  fat  had  also  disappeared.  Even  the  hands  were  greatly 
wasted  ;  there  was  a  hollow  in  the  position  of  the  thenar  eminence,  just 
as  in  progressive  muscular  atrophy,  and  the  interosseal  muscles  were 
also  greatly  wasted.  There  was  slight  fibrillation.  The  intercostals 
were  paralysed.  The  wasting  of  the  legs  was  extreme  ;  the  maximum 
circumference  of  the  calf  was  only  seven  inches ;  the  feet  were  inverted, 
the  sole  hollowed,  and  the  toes  flexed.  The  patient  died  from 
diarrhoea.  The  muscles  were  found  to  be  small  and  pale.  The  chief 
microscopical  change  was  intense  granular  and  fatty  degeneration  of 
the  fibres.    A  very  few  normal  fibres  were  seen  in  some  muscles. 
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There  was  no  inci-ease  of  interstitial  tissue.  Microscoiiical  examination 
revealed  no  morbid  changes  in  the  spinal  cord. 

The  duration  of  the  disease  varies  from  ten  to  fifty  years.  Death 
has  never  occixiTed  as  the  direct  result  of  the  malady.  In  the  cases 
of  most  severe  degree  and  rapid  course,  the  patient  has  usually  died 
from  phthisis,  probably  related  to  the  deficient  breathing  power, 
]ust  as  in  the  sufferers  from  pseudo-hypertrophic  paralysis.  In  most 
cases,  however,  death  has  been  due  to  other  maladies  and  has  not  been 
in  any  degree  the  consequence  of  the  muscular  disease. 

Pathological  Anatomy.— The  pathological  facts  are  limited  to 
two  or  three  post-mortem  examinations,  and  a  few  observations  on 
excised  fragments  of  muscles.    The  conditions  found  have  varied 
much.     In  the  case  recorded  by  Landouzy  and  Dejerine,  simple 
narrowing  of  the  muscular  fibres  was  the  chief  morbid  appearance. 
In  some  cases  excised  fragments  have  shown  considerable  increase  in 
the  interstitial  tissue ;  in  the  case  shown  in  fig.  154,  a  granular  and 
fatty  degeneration  of  the  muscular  fibres  was  the  only  change.  In 
some  excised  fragments,  fibres  have  been  seen  larger  than  normal,  but 
whether  these  were  really  hypertrophied,  or  merely  thickened  by 'con- 
traction, is  uncertain  (see  note  on  p.  411 ) .    Longitudinal  striation  and 
fissuring  of  the  fibres  has  been  described  by  Erb.   The  spinal  cord  and 
nerves,  when  examined,  have  been  found  normal.   The  condition  is  thus 
diverse,  and  it  is  difiicult  to  conceive  that  they  can  all  be  results  of  the 
same  cause,  and  manifestations  of  the  same  disease.    But  it  is  to  be 
noted  that  in  cases  of  the  pseudo-bypertrophic  type  considerable  diver- 
sity has  been  met  with  in  the  muscular  changes.    So  far  as  our  present 
knowledge  goes,  the  muscular  changes  must  be  ascribed  to  a  congenital 
tendency  by  which  they  perish  prematurely.    The  tendency  may  lead  to 
overgrowth  of  the  interstitial  tissue,  or  to  simple  wasting  of  the  fibres 
or  to  early  decay,  either  in  consequence  of  a  simple  difference  in  the 
characters  of  the  tendency,  or  more  probably  by  the  co-operation  with 
It  of  other  constitutional  influences,  congenital  or  acquired. 

DiAGNOsis.-The  two  most  important  diagnostic  indications  are  the 
affection  of  more  than  one  member  of  the  same  family,  and  the  onset 
of  the  disease  before  adult  life  is  reached.    The  former  is  alone  conclu- 
sive; but  the  latter  should  always  suggest  the  probable  idiopathic  nature 
ot  the  case    In  isolated  cases  the  diagnostic  difficulty  is  much  greater 
and  no  indication  is  actually  conclusive,  except  perhaps  the  affection 
ot  the  face.    Commencement  during  childhood  is  also  of  great  weight 
it  IS  most  unbkely  that  progressive  muscular  atrophy,  beginning  under 
ten,  IS  of  spinal  origin,  but  I  have  known  atrophy,  almost  certainly 
spinal,  to  commence  at  the  age  of  fourteen.    The  peculiar  affection  of 
the  zygomatic  muscles  is  very  characteristic,  but  we  cannot  yet  say  that 
It  IS  pathognomonic  (see  note  on  p.  405),  and  the  affection  of  the  lips 
must  be  carefully  distinguished  from  that  due  to  the  bulbar  palsy  so 
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commonly  associated  with  spinal  atrophy.  Of  the  distribution  of  the 
wasting,  that  of  the  latissimus  and  lower  half  of  the  pectoralis,  and 
the  escape  of  the  hand-muscles,  are  the  most  important  characteristics, 
but  they  are  not,  by  themselves,  conclusive,  since  they  are  sometimes 
met  with  in  spinal  atrophy. 

Other  most  important  distinctions  between  spinal  and  idiopathic 
atrophy  depend  upon  the  symptoms  of  the  former,  which  are  absent  in 
the  latter.  Among  these  are  the  affection  of  the  tongue,  palate,  and 
larynx,  the  commencement  of  atrophy  in  the  hands,  and  the  excess  of 
the  knee-jerk  which  results  from  lateral  sclerosis.  The  latter  is  a  con- 
clusive indication  of  sjjinal  disease,  and  therefore  renders  the  spinal 
origin  of  the  atrophy  all  but  certain.  The  distinction  from  the 
pseudo-hypertrophic  form  has  been  already  considered  in  the  account 
of  this  disease. 

Prognosis. — The  extreme  variations  in  the  course  of  the  disease 
render  the  prognosis  in  any  individual  case  very  uncertain.  Unfortu- 
nately recovery  from  atrophy  that  has  actually  occurred  cannot  be 
anticipated,  but  on  the  other  hand,  the  disease  may  remain  limited  to 
its  first  seat,  or  may  not  involve  other  parts  until  after  many  years. 
In  a  considerable  number  of  cases,  perhaps  one  half,  the  malady  has 
not  appeared  to  shorten  life.  Even  in  cases  that  begin  during  youth 
it  is  therefore  possible  that  the  patient  may  reach  old  age. 

Treatment. — It  is  not  yet  clear  that  idiopathic  muscular  atrophy 
can  be  influenced  by  treatment  in  any  considerable  degree.  Most 
published  records  of  cases  are  almost  silent  on  the  subject,  and  the 
disease  is  so  rare  that  few  individuals  have  an  opportunity  of  forming 
an  oj)inion.  It  might  be  assumed  that  the  essential  cause  of  the 
disease,  a  congenital  tendency,  withdraws  it  from  the  range  of  thera- 
peutics. But  the  course  of  the  malady  is  very  different  from  that  of 
some  other  diseases  which  own  a  similar  cause.  The  extreme  varia- 
tions in  the  date  of  onset,  the  fact  that  the  disease  may  not  be 
manifested  until  late  in  life,  and  the  long  period  that  may  intervene 
between  its  onset  and  extension,  all  suggest  that  other  influences  co- 
operate with  the  congenital  tendency  in  determining  the  development  of 
the  malady.  It  is  quite  possible,  therefore,  that  the  first  inference  from 
the  history  of  the  disease  may  not  be  altogether  correct,  although  it 
must  be  admitted  that  we  have  not  as  yet  any  evidence  that  the  disease 
is  susceptible  of  influence  from  drugs.  Electrical  treatment  and  mas- 
sage have  been  thought  to  do  good  and  even  to  arrest  the  disease  (Erb), 
but  the  variable  tendency  of  the  malady  renders  the  evidence  of  arrest 
insufiicient.  If  voluntary  exercise  is  practicable,  this  is  a  far  more 
efficient  stimulus  to  muscular  growth  than  any  electrical  application, 
and  it  is  probable  that  such  exercise,  carefully  persevered  in,  may  do 
something  to  prevent  the  occurrence  of  the  malady  in  those  pre- 
disposed to  it,  and  even  to  retard  its  progress  in  those  who  are 
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already  attacked.  In  this  connection  it  is  noteworthy  that  very  few 
of  the  sufferers  have  been  engaged  in  occupations  that  involve  active 
miiscuLir  exertion.  Over-exertion  should,  however,  be  carefully 
avoided.  The  general  health  should  be  attended  to,  and  any  defect 
removed  as  speedily  as  possible,  both  in  those  who  suffer  and  in  those 
who  are  related  to  sufferers,  since,  as  we  have  seen,  depressing 
influences  may  apparently  excite  the  development  of  the  disease,  and 
it  IS  therefore  reasonable  to  suppose  that  they  may  accelerate  its  pro- 
gress, and  lessen  any  tendency  there  may  be  for  the  morbid  process 
to  become  stationary. 

Muscular  Htpertropht. 

The  occurrence  of  a  true  hypertrophy  of  muscles,  as  a  condition  of 
disease,  is  exceedingly  rare.  In  most  cases  in  which  the  muscles  are 
enlarged,  the  increase  in  size  is  due  to  a  growth  of  interstitial  tissue, 
tatty  or  fibrous,  such  as  has  been  described  in  the  chapter  on  pseudo- 
hypertrophic paralysis.  We  have  seen  that  muscular  fibres  larger 
than  normal  have  been  met  with  in  that  disease,  and  also  in  some 
muscles  of  normal  or  increased  size  in  cases  in  which  other  muscles 
were  simply  atrophied.  But  this  increase  in  size  has  been  met  with 
only  m  excised  fragments,  and  it  is  possible  that  the  condition  may 
have  been  due  to  a  vital  contraction  excited  by  the  process  of  excision. 
The  same  ground  of  doubt  exists  in  all  cases  in  which  a  true  hvper- 
trophy  has  been  described;  the  fact  rests  upon  observations  made  on 
exmed  fragments,  and  has  not  yet  been  observed  after  death  * 

thP  .  tl  ^''^  ^'^^^  '^S^^'^'  ^-lady  described  in 

the  next  section  (Thomsen's  disease).  It  has  also  been  met  with  in 
very  rare  instances,  as  a  widespread  or  partial  condition,  usually  asso- 
ciated, strange  to  say,  with  either  diminished  power  or  with  a  morbid 
readiness  of  fatigue.f  The  muscles  most  frequently  affected  have 
been  those  of  the  shoulder  and  upper  arm,  or  of  the  tHgl^  and  calf  on 
one  side  or  on  both.  It  has  also  been  observed  in  the  glutei  spinal 
muscles  and  trapezii.  The  causes  are  obscure,  but  ft  has  been 
ascribed  to  over-exertion.  The  diameter  of  the  fibres  has  been  increased 

-.ius  o.a„  a.p..ted  ^  1  ti^^  t^S;^,  a^/Z^^  St 
fibres  were  compared  with  those  of  the  muscle  twenty-one  hours  later  In-order  to 
ascertain  more  definitely  whether  a  vital  contracJon  persisted  as  an  alaren^ 

-  -Parated^IndlrlLeT? 
^  Teh    n  the  f  V  ^"  ''''  f--^^'-"*  excised 

^rZ  tCjZZT^^^  f""'^"''  *he  division  of  the  nerve 

difference  irsle tod    T  contraction,  it  is  possible  that  the 

represent  ^  '^"^""^  '^^^  Sre.ter  than  these  figures 
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to  double  the  normal  size,  a  maximum  of  ^Jgth  incli  having  been  met 
with  (Eulenberg),  whereas  the  normal  maximum  may  be  taken  as 
^^^th  inch.  An  increase  of  the  nuclei  has  been  observed,  without  any 
overgrowth  of  the  interstitial  tissue. 

The  condition  is  manifested  by  an  increase  in  the  size  of  the 
muscles,  which  are  also  firm.  The  circumference  of  the  limb  is 
greater  than  normal,  and  when  the  change  is  unilateral,  the  difference 
between  tbe  limbs  of  the  two  sides  may  be  very  striking.  The 
maximum  circumference  of  the  calf  has  been  as  much  as  seventeen 
inches.  The  muscles  are  soon  exhausted,  and  have  been  weak  in 
some  eases,  while  in  others  there  has  been  abnormal  strength  for  brief 
exertion.  The  electrical,  mechanical,  and  myotatic  irritability  of  the 
muscles  has  usually  been  found  normal. 

The  disease  may  be  suspected  if  a  marked  increase  in  size  in  an 
adult  is  accompanied  by  impaired  power  of  sustained  exertion ;  if  the 
muscles  are  firm,  and  the  patient  does  not  manifest  other  indica- 
tions of  pseudo-hypertrophic  paralysis.  The  diagnosis  can,  however, 
only  be  made  with  certainty  by  the  microscopical  examination  of  an 
excised  fragment.  The  meagre  facts  regarding  the  course  of  the 
disease  suggest  that  it  usually  persists  without  getting  either  better  or 
worse.    Treatment  appears  to  have  but  little  influence  upon  it. 

A  singular  case  has  been  reported  by  Eulenberg,*  which  differs  in 
many  particulars  from  the  form  of  disease  above  described  and 
illustrates  the  complex  relations  of  enlargement  of  the  muscular  fibres 
and  its  connection  with  degenerative  processes.  A  man  aged  thirty-six 
presented  an  enormous  enlargement  of  the  muscles  of  the  left  leg, 
which  were  soft  and  flabby  and  weak,  with  lowered  irritability.  The 
condition  had  slowly  developed  after  a  fall  on  the  back  at  ten,  which 
caused  imperfect  paraplegia,  motor  and  sensory.  A  year  later,  during 
pleurisy,  he  had  thrombosis  of  the  left  femoral  vein.  In  an  excised 
fragment  of  the  gastrocnemius  the  muscular  fibres  were  large,  the 
maximum  being  -575th  of  an  inch,  and  presented  fatty  and  vitreous 
degeneration,  and  fat  was  seen  between  the  fasciculi.  The  muscles  of 
the  other  leg  were  somewhat  wasted,  but  the  fibres  were  also  enlarged 
and  degenerated.  It  would  appear  as  though  the  condition  had 
resulted  from  a  traumatic  lesion  of  the  spinal  cord,  and  had  been 
intensified  in  the  left  leg  by  the  influence  of  the  thrombosis  and 
resulting  vascular  disturbance. 

*  '  Deutsch.  Med.  Wofihenscliriffc.'  1885,  No.  12. 
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THOMSEN'S  DISEASE. 

The  malady  tlius  designated  may  be  considered  here,  notwithstanding 
the  obscnrity  of  its  nature,  because  it  has  at  least  these  points  in 
common  with  the  diseases  last  described,  that  the  symptoms  are 
muscular  and  that  the  disease  is  commonly  congenital  and  occurs  in 
families.  It  has  been  named  after  the  physician  whose  description 
gained  for  it  general  notice,  and  who  is  himself  its  subject,  but  it  had 
been  previously  described  by  Leyden,  and  hinted  at,  long  ago,  by  Sir 
Charles  Bell  * 

The  disease  is  characterised  by  a  peculiar  rigidity  of  the  muscles, 
which  comes  on  when  they  are  first  put  in  action  after  a  period  of  rest. 
The  rigidity  is  transient,  and  when  it  has  passed  off  it  does  not  return 
as  long  as  exertion  is  continued.  The  malady  is  usually  congenital 
and  often  hereditary,  affecting  many  members  of  the  same  family.  In 
that  of  Thomson,  cases  can  be  traced  through  five  generations.  It 
appears  to  be  more  common  in  Scandinavia  and  G-ermany  than  in 
France  or  England,  but  it  is  a  rare  disease  ;  only  about  thirty  instances 
bave  been  recorded,  and  it  is  probable  that  these  are  all  the  cases  in 
which  the  affection  has  been  recognised.  At  the  same  time  there  is 
little  to  attract  attention  in  the  slighter  forms  of  the  disease,  and  it 
may  ultimately  be  found  to  be  less  rare  than  at  present  it  appears  to  be. 

Both  sexes  suffer.  In  most  cases  the  symptoms  have  been  first 
noted  in  early  childhood,  at  four  or  five  years  of  age,  sometimes  even 
in  the  cradle.  They  increase  during  the  period  of  muscular  deve- 
lopment, and  then  remain  stationary.  In  a  few  instances  the  patient 
has  seemed  free  until  about  the  period  of  puberty,  but  even  in  such 
instances  it  is  probable  that  the  disease  is  congenital  in  origin,  although 
its  manifestation  is  deferred,  since  the  cases  have  occurred  in  families, 
other  members  of  which  have  suffered  earlier.  But  in  a  few  cases 
symptoms  apparently  identical  with  those  of  the  congenital  disease 
have  come  on  in  early  manhood  after  some  exciting  cause,  in  one  case 
a  lightning  stroke,  in  another  a  sudden  alarm. f  In  such  cases  the 
disease  has  been  apparently  acquired. 

The  characteristic  symptom  is  tonic  spasm  of  the  muscles  when 
they  are  put  in  action  after  a  period  of  rest.  As  soon  as  the  patient 
attempts  to  move,  the  muscles  become  rigid.  The  rigidity  may  make 
*  The  most  important  papers  on  the  disease  are  those  of  Leyden,  'Klinik  der 
Ruckenmarkskr./  1874,  Bd.  i,  p.  128 ;  Thomson,  « Arch.  f.  Psychiatrie,'  Bd.  6,  1876, 
p.  702,  and  'Centralhl.  f.  Nervenkr.,'  1885,  p.  193;  Bernhardt,  '  Vircbow's  Archiv.' 
Bd.  75,  1879,  p.  516.  and  '  Centralblatt  f.  Nervenkr.,'  1885,  p.  122;  Ballet  and  Marie 
•Archives  de  Neurologie,'  1883,  No.  13;  Mobius,  'Schmidt's  Jahrb.,'  Bd.  198,1883  • 
Ringer  and  Sainshury, '  Lancet,'  1884,  pp.  767,  816,  and  860.  The  mention  of  the 
symptoms  by  Sir  Charles  Bell  is  at  p.  436  of  his  'Nervous  System,'  Case  184, 
"Affection  of  the  Voluntary  Nerves." 

t  Engel, '  Phil.  Med.  Times,'  1883,  p.  412 ;  Schonfeld, '  Berlin  med.  Wocheuschr  ' 
1883,  No.  27. 
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movement  impossible,  while  it  lasts,  or  may  merely  lessen  tlie  possible 
range  of  movement.  After  a  few  minutes  or  less  the  spasm  passes 
away,  to  be  renewed,  but  in  slighter  degree,  by  a  fresh  attempt,  and 
if  the  movements  are  persevered  in,  the  spasm,  in  a  few  minutes, 
becomes  trifling,  and  does  not  return  until  after  rest ;  the  individual 
can  walk  for  hours  without  fatigue  when  the  spasm  has  passed  off. 
The  rigidity  is  always  increased  by  attention  and  by  nervous  appre- 
hension of  it,  and  the  more  the  sufferer  tries  to  overcome  the  stiffness, 
the  less  is  he  able  to  do  so.  In  a  severe  case,  a  slight  impulse  will 
make  the  person  fall,  and  it  may  then  be  impossible  for  him,  for  some 
minutes,  to  rise  from  the  ground.  The  arms  are  usually  less  affected 
than  the  legs,  but  in  some  cases  the  rigidity  fixes  the  fingers  for  a 
short  time  on  an  attempt  to  use  the  hand.  The  muscles  of  the  face 
are  usually  free  ;  mastication  may,  however,  be  interfered  with  by  the 
spasm  in  the  muscles  of  the  jaw.  Earely  the  tongue  has  been  affected  ; 
still  more  rarely  the  muscles  of  the  eyeball.  Sometimes  the  spasm  is 
greater  on  one  side  of  the  body  than  on  the  other. 

The  muscles  are  always  well  nourished ;  they  are  often,  indeed,  above 
the  normal  size,  and  possess  more  than  normal  strength.  Thomsen 
believes  that  the  more  the  muscles  are  habitually  used,  the  less  severe 
is  the  spasm,  and  that  a  life  of  active  exertion  produces  some 
permanent  amelioration  in  the  disease.  It  is,  however,  a  source 
of  some  disability,  and  of  considerable  annoyance  ;  in  the  words  of 
Thomsen,  "  it  casts  a  shadow  over  the  lives  of  the  sufferers." 

Careful  investigations  of  the  muscular  phenomena  have  been 
made  by  several  observers,  and  that  by  Erb  is  especially  instructive. 
In  his  case  a  single  brief  effort  caused  tonic  contraction  which  lasted 
for  twenty-five  seconds.  Momentary  electrical  stimulation  of  the 
nerves  caused  only  a  momentary  contraction  of  the  muscles,  but 
continued  stimulation  caused  a  prolonged  contraction  similar  to  that 
excited  by  the  will.  In  certain  muscles  moreover  an  unbroken  current 
caused  peculiar  wave-like  contractions,  about  one  per  second,  passing 
from  the  negative  to  the  positive  pole.  Any  strong  stimulation  of  the^ 
muscle  itself  caused  a  similar  after-contraction.  "The  irritabihty  of  the 
nerves  was  normal,  but  the  voltaic  excitability  of  the  muscles  was 
unduly  great,  and  they  were  remarkably  sensitive  to  mechanical 
stimulation.  Firm  pressure  caused  a  tonic  contraction  lasting  from 
twelve  to  twenty  seconds. 

Pathology. — Of  the  morbid  anatomy  of  the  disease  we  know  only 
that  the  muscular  fibres,  in  excised  fragments,  have  been  normal  in 
aspect  in  some  cases,  but  in  others,  especially  that  observed  by  Erb, 
many  fibres  have  been  seen  exceeding  the  normal  maximum  in  size. 
The  minimum  fibres  were  the  same  size  as  in  health,  but  the  largest 
were  twice  as  large  as  any  met  with  in  normal  muscle. 

The  manifestation  of  the  disease  is  in  a  disorder  of  the  functions  of 
the  muscles,  and  most  writers  on  the  subject  have  followed  Ley  den  in 
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regarding  the  malady  as  essentially  muscular  in  nature,  as  consisting 
in  an  altered  functional  condition  of  the  muscular  tissue.  This 
opinion  is  strongly  supported  by  the  frequent  alteration  in  electrical 
excitability,  which  can  hardly  be  otherwise  interpreted  than  as  an 
indication  of  a  change  in  the  mode  of  action  of  the  contractile  muscular 
protoplasm.     This  opinion   is  supported  also  by  the  interesting 
experiments  of  Einger  and  Sainsbury,  who  found  that  certain  salts, 
such  as  sodium  phosphate,  are  capable  of  causing  in  the  frog  tonic 
spasm  bearing  considerable  resemblance  to  that  of  Thomsen's  disease, 
and  that  such  spasm  persists,  not  only  after  the  nerve  has  been 
divided,  but  after  the  intramuscular  nerve-endings  have  been  paralysed 
by  curara.     Although  this  fact  does  not,  of  course,  prove  that 
Thomsen's  disease  is  muscular  in  nature,  it  shows  that  a  similar 
condition  may  have  its  origin  solely  in  the  muscles,  and  it  harmonises 
with  the  indications  afforded  by  the  muscular  irritability  in  this 
disease.    But  a  proof  that  there  is  a  derangement  of  the  function  of 
the  muscles  is  no  proof  that  this  is  the  sole  element  in  the  disease, 
and  that  it  is  not  is  at  least  suggested  by  two  other  facts.    First  the 
disease  has  apparently  resulted,  in  rare  cases,  from  morbid  influences 
acting  on  the  nervous  system  in  adult  life,  and  secondly,  in  the 
congenital  cases,  the  spasm  is  increased  by  emotion.    Wide  as  is  the 
difference  between  the  muscular  and  nervous  tissues,  we  must  remember 
that  they  have  some  conditions  in  common.    The  dependence  of  the 
nutrition  of  the  muscles  on  that  of  the  motor  nerve-fibres  and  cells  is 
a  very  remarkable  fact,  and  so  also  is  the  influence  of  the  functional 
activity  of  the  cells  and  fibres  in  causing  a  similar  condition  in  the 
muscular  tissue.    To  say  that  the  two  structures  are  connected  is 
hardly  an  explanation  of  the  fact.    Whatever  is  the  nature  of  the 
relation  between  them  it  is  at  least  conceivable  that  an  abnormal' 
functional  state,  congenital  in  nature,  may  be  common  to  the  two  and 
that  the  peculiar  over-action  in  the  muscles  may  be  accompanied  by 
a  similar  over-action  in  the  ganglion  cells  of  the  cord,  and  even  in  the 
pyramidal  cells  of  the  cortex.    It  is  even  conceivable  that  the  condi- 
tion of  the  nerve-cells -may  be  the  primary  change,  and  that  of  the 
muscles  may  be  secondary,  although,  when  produced,  it  is  in  some 
degree,  independent,  and  may  be  excited  independently  by  local 
stimulation.    Such  a  theory  enables  us  to  understand  the  two  facts 
above  mentioned,  the  influence  of  emotion  and  the  acquisition  of  the 
disease,  each  of  which  seems  to  be  inconsistent  with  a  purely  muscular 
pathology. 

Tbeatment.-I^o  treatment,  properly  so  called,  appears  to  exert 
any  mfluence  on  the  disease.  The  congenital  malady  persists  through 
life ;  m  the  cases  in  which  a  similar  condition  has  apparently  been 
acquired  it  has  also  been  persistent.  The  only  influence  that  has 
appeared  to  Thomson  to  ameliorate  the  condition  is  a  life  of  active 
muscular  exertion. 
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Under  the  name  of  Congenital  Paramyotone  Eulouberg  lias  described* 
a  strange  family  afiiection  allied  to  Thorasen's  disease  in  its  general 
character,  althougli  differing  very  much  in  its  special  features,  and 
equally  obscure  in  nature.  The  malady  was  widely  spread  in  the 
affected  family,  and  could  be  traced  through  six  generations,  but 
appears  now  to  bo  dying  out.  Its  congenital  character  was  shown  not 
only  by  its  multij>licity,  but  also  by  the  fact  that  in  some  individuals  it 
was  manifested  immediately  after  birth.  The  symptom  was  tonic  spasm, 
lasting  from  a  quarter  of  an  hour  to  several  hours,  excited  chiefly 
by  cold  although  often  by  merely  slight  cold.  The  rigidity  was  fol- 
lowed for  a  time  by  weakness.  The  facial  muscles  were  very  prone  to 
become  thus  rigid,  especially  the  orbiculares  palpebrarum  and  oris,  and 
while  the  contraction  lasted  the  patient  was  often  unable  to  speak  or  to 
open  the  eyes.  The  rigidity  wa.s  slighter  in  the  legs  than  in  the  arms, 
but  the  subsequent  weakness  was  equally  marked.  Warmth  removed 
the  spasm.  There  was  no  persistent  loss  of  power,  and  no  increase  of 
mechanical  irritability.  The  electrical  excitability  of  the  nerves  was 
normal ;  that  of  the  muscles  was  lowered  to  each  current,  and  there 
was  an  abnormal  tendency  to  tetanic  contraction  during  the  passage 
of  the  current.  Eulenberg  speculates  that  the  symptoms  may  be  due 
to  reflex  vaso-motor  spasm  in  the  muscles,  because  the  diminution  of  the 
blood-supply  to  muscles  renders  them  weak,  but  it  is  clearly  equally 
possible  that  the  two  certain  phenomena,  the  sensory  impression,  and 
the  muscular  contraction,  may  be  directly  connected. 


TUMOURS  OF  THE  SPINAL  CORD. 

Morbid  growths  within  the  spinal  canal  may  spring  from  the 
membranes  or  may  grow  in  the  substance  of  the  cord  itself.  The 
difference  in  seat  entails  some  difference  in  symptoms,  but  it  is  never- 
theless convenient  to  consider  the  two  classes  together,  because  they 
have  many  symptoms  in  common,  and  it  is  often  impossible  to  carry 
the  diagnosis  farther  than  the  existence  of  an  intraspinal  tumour. 

Etiology. — Of  the  diathetic  conditions  which  give  rise  to  tumours 
elsewhere,  only  two,  syphilis  and  tubercle,  are  effective  in  causing 
growths  which  commence  with  the  spinal  canal.  Parasitic  tumoiu'S 
occur,  due  to  the  same  influences  which  produce  them  in  other  situa- 
tions. A  few  rare  growths  appear  to  be  congenital  in  origin,  due  to 
the  development  of  germinal  tissue  in  an  abnormal  position.  Of  the 
causes  of  other  forms  of  tumour  we  know  practically  nothing.  Injuries, 
such  as  a  blow  on  the  spine,  have  been  supposed  to  be  occasional 
*  '  Neurologisches  Ceutralblatt,'  1886,  p.  265. 
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causes,  and  tlieir  influence  in  rare  instances  has  seemed  possible  but 
the  evidence  is  not  so  strong  as  it  is  in  the  case  of  tumours  in  some 
other  situations.  In  many  cases  the  first  symptoms  have  immediately 
followed  some  exposure  to  cold  and  wet,  and  it  seems  probable  that 
tms  influence  may  have  excited  secondary  processes  in  the  nerve- 
elements  which  were  already  deranged  by  the  growth,  but  it  can  have 
iiad  no  share  m  the  production  of  the  growth  itself. 

Pathologmcal  ANATOMY.-The  growths  within  the  spinal  canal 
may  develop  outside  the  dura  mater,  inside  the  dura  mater,  or  within 
the  substance  of  the  cord.  The  extra-dural  tumours  may  spring  from 
the  membrane,  or  from  the  tissue  between  the  membrane  and  the 
bone,  or  may  grow  into  the  canal  from  the  outside,  through  the 
intervertebral  foramina.  Subdural  tumours  may  proceed  from  the 
mner  surface  of  this  membrane,  from  the  arachnoid,  or  from  the  pia 
e.  (Fig.  15  ).  The  growths  in  the  cord  may  spring  from  the  p  ^ 
mater,  or  may  develop  m  the  substance  of  the  cord.  They  sometimes 
pioceed  from  the  peculiar  tissue  which  surrounds  the  central  canal. 

of  IhpflT)      '^''^-^"^'^^  ^'-^  lipoHia,  from  an  overgrowth 

ot  the  fat  which  normally  exists  between  the  membranes  and  the  bone 
and  parasitic  tumours,  chiefly  echinococci.    Both  are  rare.  Growths' 
may  also  sprmg  from  the  bones  or  intervertebral  tissue,  enchondroma 
sarcoma,  andcancerous  tumours,  but  thesehave  been  already  considered 
Far  more  frequent  are  collections  of  inflammatory  products  from  bone 
disease  but  these  do  not  come  into  the  category  of  morbid  growths 
The  tumours  which  begin  within  the  dura-matral  sheath  are  chiefly 

'4t;nTat^' "t  r'  T^^^^'  ^^^^^^^^^^  -^^--^^^  ^^^^s Ir 

bram-sand.      Tubercular  and  parasitic  tumours  are  rare,  but  both 

echmococci  and  cysticerci  have  been  met  with,  develop  ng    n  the 

consisting  of^atty  ^^^7::^^^^^^:-:^^ 
grown  from  the  pia  mater  or  meshes  of  the  arachnoid,  a^d  was  no 
™rt:d.  "  -  nerve-;oots.'a:d 

The  growths  within  the  substance  of  the  cord  itself  are  more 
diverse  m  character.    Syphiloma  and  glioma  are  the  most  ToLmon 
sarcomata,  myxomata,  and  tubercular  tumours  also  occur    l  eys' 

ml  ml,  „^      n'""'  t™™'  t°  n>.iog  from  the 
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or  sarcomata  oa  the  nerve-roots  are  often  mulciple.  Tumours  within 
the  spinal  cord  are  also  usually  single,  but  occasionally  more  than  one 
growth  is  found,  especially  when  the  tumours  are  tubercular. 


Fig.  155. — Myo-lipoma  of  the  spinal  cord.  A,  transverse  section  of  the  tumour 
and  of  the  conus  meduUaris  of  the  spinal  cord,  to  which  the  growth  was 
attached,  and  of  which  the  grey  matter  is  represented  by  the  dotted  shading 
CM.  n,  sections  of  nerve-roots,  partly  enclosed  in  the  tumour;  m,  bundles  of 
muscular  fibres.  B,  part  of  the  tumour  more  highly  magnified,  showing  the  fat 
cells  of  which  it  was  chiefly  composed  ;  p.  m.  pia  mater  of  the  cord,  of  which 
I.  c.  is  part  of  the  lateral  column.  C,  part  of  the  tumour,  still  more  magnified, 
showing  striated  muscular  fibres,  fibrons  tissue,  and  fat  cells  (see  also  Fig.  149, 
p.  398).    The  tumour  had  caused  no  symptoms. 

The  size  attained  by  growths  outside  the  cord  is  necessarily  moderate 
in  consequence  of  the  limitation  of  the  space  in  which  they  grow. 
They  vary  from  the  size  of  a  pea  to  a  width  of  one  and  a  length 
of  two  inches,  which  is  rarely  exceeded,  and  chiefly  by  extra- 
dural tumours.     Those  that  develop  from  the  pia  mater  are  usually 
smaller  than  those  that  spring  from  the  dura  mater.  Multiple 
tumours  on  the  nerve-roots  are  generally  small.     Adhesions  often 
form  between  the  growth  aud  the  membrane  from  which  it  does 
not  arise.    The  tumour  compresses  the  nerve-roots  and  the  spinal 
cord  (Figs.  166,  159).    The  compression  produced  by  tumours  within 
the  dura  mater  is  always  greater  than  that  by  tumours  outside  this 
membrane.    The  amount  of  pi'essure  is  proportioned  to  the  size  of  the 
tumour  and  its  consistence.    A  soft  growth  outside  the  sheath  may 
attain  a  considerable  size,  and  even  extend  through  the  intervertebral 
foramina,  without  exerting  much  pressure  on  the  cord  itself.    At  the 
compressed  part  the  cord  is  narrowed  and  softened,  usually  indented  or 
flattened,  because  the  pressure  is  either  from  one  side,  from  the  front,  or 
from  the  back.    Rarely  the  degree  of  pressure  is  so  great  that  the  cord 
is  narrowed  to  the  size  of  a  crowquill,  and  it  has  even  been  apparently 
interrupted  at  the  spot,  the  upper  and  lower  portions  being  conical 
and  their  pointed  extremities  connected  only  by  membranous  tissue. 
The  softening  of  the  cord  depends  on  inflammation,  the  "pressure- 
myelitis  "  described  in  a  preceding  chapter  (p.  246),  and  it  presents 
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tint  at  the  comp„s,ld  part  •  (it 

J:s-riil7!n;;z.T''iii  Ltrht';rr„tf  -.1  ■""  r'"»  «■■<>- 

noid,  and  wa,  only  .lightly  to  thf  T °' *'■<' "■'Kll- 

compressed  and  softened^   In  the  inJe  ths             f  "  'u  'Pi""'  ™ 

except  at  the  top.  and  the  ^rZ^M  ZlZ^T^Z   f  "Pe-. 

tumour  which,  6  cm.  lona  lies  ™  fh.  L.f  °  "P™"''  »«'  the  lower  half  of  the 

cord.t    (After  Lancereanfo  ^'^'"^  "PO"'  °' 

Sid!':/  ''i.?5n.rcrd"t<^L'r^L^',The'^thTth"'^^^^  «°"p"=»'°^ 

i»p.irmc„t,  hat  not  ah,  1    f I en  rb  itrxt  ""'T'"' 

paitl^^atTlTtle—LTaTerS'  Z"  "  '-P'^  ^ 

ward,  extending  to  the  legTndtol  e  ,ef  .•de""'!^:"  t 

the  leg.  gradually  came  on.  and  bee  me  aS„tale  t  tl" iZ  r"""'™'"- 

power  over  the  sphincters     Ev(-Pn=;,r.     j  "•»somre,  with  loss  of  sensation  and  of 

which  occurred  cVteen  mon^r.^r  th?ore7  allr  °' 
t  The  patient  wa.  a  man  aged  thirty. ^r^t^;:::^.";  ^^i^^i  , 
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Fig.  159. — Tumour  of  dura  mater  opposite  the  upper  part  of  the  lumbar  enlarge- 
ment, compressing  nerve-roots  and  spinal  cord.  (Fiom  a  preparation  in  University 
College  Museum.    Drawn  by  Dr.  H.  R.  Spencer.) 

Fig.  160. — Tumour  of  the  cauda  equina  surrounding  and  enclosing  many  of  the 
nerve  roots.  The  cord  itself  was  unaffected.  The  structure  of  the  tumour  was 
that  of  a  fibro-sarcoma.* 

Fig.  161. — Neuromata  of  the  cauda  equina.  (After  Lancereaux.)  The  growths  had 
apparently  given  rise  to  no  symptoms. 

the  right  forearm,  and  continued,  intermitting,  for  some  years,  until,  at  thirty-four, 
it  extended  through  the  whole  arm  to  the  neck  beside  the  spine,  where  it  was 
increased  by  movement.  Similar  pain  then  came  on  in  the  left  arm.  Then 
followed  weakness  in  the  right  arm,  slight  spasm  in  the  right  leg,  and  tingling 
in  the  left.  The  arm  became  almost  powerless  and  wasted,  the  right  leg  weak, 
and  flexion  of  the  neck  caused  severe  local  pain.  These  symptoms  continued  and 
increased,  and  pain  in  the  left  leg  came  on.  The  cervical  spine  became  tender,  and 
movement  of  the  head  to  the  right  was  limited.  Then  both  legs  became  weak,  and 
sensibility  was  lost  as  high  as  the  nipples.  The  paraplegia  became  absolute,  bed- 
sores formed,  and  the  patient  died  seven  years  after  the  onset  of  the  symptoms. 
Softening  of  the  spinal  cord  extended  down  into  the  dorsal  region.  (Leyden, 
'  Klin,  der  Ruckenmarkskr.,'  Bd.  i,  p.  450.) 

*  The  patient  was  a  man  aged  twenty-eight,  under  the  care  of  my  colleague. 
Dr.  Radcliffe,  in  the  Queen  Square  Hospital.  The  symptoms  commenced  only  nine 
months  before  death,  and  consisted  in  severe  pains  in  the  legs  and  progressive  weak- 
ness, the  power  of  standing  being  lost  about  four  months  after  the  onset.  A  little 
power  in  the  flexors  of  the  hips  and  the  extensors  of  the  knees  persisted  almost  to 
the  last,  but  the  knee-jerk  was  lost.  All  the  muscles  of  the  legs  wasted,  those  below 
the  knee  extremely,  and  even  when  the  patient  was  first  seen  electrical  irritability 
was  greatly  lowered  to  both  currents,  without  any  reaction  of  degeneration.  Tactile 
sensibility  was  impaired  in  each  foot  and  lower  leg,  more  in  the  right  than  in  the 
left,  and  chiefly  in  the  region  supplied  from  the  sacral  plexus.  Sensibility  to  pain 
was  not  aff'ected.  The  bladder  was  affected  early,  and,  from  imperfect  evacuation, 
cystitis  and  symptoms  of  pyelo-nephritis  already  existed,  a  catheter  having  never 
been  passed.  The  kidney  disease  continued,  in  spite  of  local  treatment,  and  was  the 
immediate  cause  of  death,  which  was  preceded  by  several  convulsions,  apparently 
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the  tissue  changes  that  have  been  there  enumerated.  As  a  rule  the 
spinal  cord  is  not  invaded  by  a  growth  that  develops  outside  it,  even 
if  this  begins  in  the  pia  mater. 

The  growths  that  involve  the  cauda  equina  of  ten  attain  a  larger  size 
than  those  that  occur  higher  up,  because  this  part  of  the  vertebral 
canal  is  large,  and  the  nerve-roots  occupy  but  a  small  part  of  it. 
Most  tumours  in  this  situation  are  sarcomata  or  fibro-sarcomata.  They 
usually  spring  from  the  tissue  of  the  arachnoid  and  often  surround 
and  include  the  nerves  (Fig.  160),  the  amount  of  damage  to  which  is 
very  variable. 

Multiple  t  umours  outside  the  cord  are  sometimes  very  numerous. 
They  are  usually  sarcomata  and  spring  from  the  membranes  and 
sheaths  of  the  nerves.  They  are  various  in  size,  ranging  from  that 
of  a  hazel  nut  to  that  of  a  pin's  head,  and  many  very  small  growths 
are  often  scattered  among  the  nerves  of  the  cauda  equina.  In  some 
cases  of  this  character  similar  growths'  have  existed  in  the  cerebral 
membranes. 

The  tumours  within  the  spinal  cord  are  usually  small,  seldom 
exceeding  half  an  inch  in  diameter,  and  usually  less,  even  when  they 
give  rise  to  considerable  impairment  of  function.    But  their  vertical 
extent  often  exceeds  their  transverse  diameter,  and  sometimes  they 
grow  through  a  considerable  extent  of  the  spinal  cord.    Gliomata  and 
growths  that  spring  from  the  central  tissue  are  those  which  have 
most  frequently  a  considerable  vertical  extent.    A  glioma  has  been 
known  to  reach  from  the  medulla  oblongata  to  the  lumbar  region. 
The  cord  is  enlarged  at  the  seat  of  the  tumour,  and  the  precise 
character  of  the  enlargement  depends  on  the  position  of  the  growth. 
In  an  infiltrating  glioma  the  increase  in  size  has  been  so  great  that 
the  wall  of  the  foramen  magnum  caused  a  constriction  around  the 
swollen  cord.    Often  the  abnormal  colour  of  the  tumour  is  perceptible 
on  the  surface.    The  consistence  of  the  cord  may  be  lessened  in  soft 
growths,  but  the  tumour  is  commonly  firmer  than  the  normal  cord, 
and  the  difference  is  frequently  increased  by  softening  in  the  vicinity 
of  the  growth.    If  the  tumour  reaches  the  sui-face,  the  pia  mater  and 
arachnoid  may  be  thickened  at  the  spot,  and  they  may  even  be  adherent 
to  the  dura  mater,  but  there  is  rarely  any  extension  of  the  meningitis 
to  other  parts.    On  section,  the  growth  is  usually  very  distinct,  since 
its  aspect  contrasts  with  that  of  the  nerve-substance.    Only  glioma  and 
myxoma  may  resemble  the  normal  grey  substance  in  appearance,  but 
the  new  tissue  is  distinct  in  position.    These  tumours  in  some  cases 
•blend  with  the  substance  of  the  cord,  but  in  other  cases  they  are 
bounded  by  an  area  of  softening  which  often  isolates  even  invading 
growths.    Other  tumours  may  be  sharply  limited.    It  may  be  difficult 

uremic.  A  microscopical  examination  showed  considerable  damage  to  many  nerve- 
roots  involved  in  the  tumour,  while  others  had  escaped.  The  muscles  presented 
intense  granular  degeneration  with  some  longitudinal  striation,  and  increase  of  the 
interstitial  nuclei. 


422 


SPINAL  CORD. 


to  say  in  what  structure  the  tumour  began,  but  this  may  sometimes  be 
ascertained  by  an  examination  of  the  upper  and  lower  parts,  when  the 

growth  is  commonly  limited 
to  that  j)art  of  the  cord 
in  which  it  first  originated. 
Thus  in  Fig.  162,  b,  the  tumour 
occupies  a  very  large  area, 
although  the  nearly  equal  ex- 
tent on  each  side  suggests  its 
central  origin,  and  this  is 
clearly  seen  in  a  section 
through  the  upper  part  of 
the  growth,  in  which  the  pos- 
terior commissure  can  be 
traced  in  front  and  behind 
the  small  area  of  growth, 
pointing  to  the  peri-ependy- 
mal  tissue  as  its  source.  Sy- 
philitic tumours  commonly 
originate  from  the  pia  mater, 
as  they  do  also  in  the  brain, 
and  the  membrane  in  their 
vicinity  is  often  thickened. 
Fio,  162.— Tumour  of  spinal  cord,  springing  They  both  invade  and  com- 
from  the  tissue  around  the  central  canal,  t^vac-c.  -n^-^^,.  +•  a 

A.  upper  part  of  the  tumour  in  the  middle  of  P"^^'^  nerve-tissue.  An 

the  cervical  region ;  the  growth  is  here  within  instance  of  such  a  gumma  of 
the  posterior  commissure.  B,  section  through  the  COrd  is  shown  in  I'iff 
the  largest  part  of  the  tumour,  which  occupies  t /jo  Ti.  i  t-i  t 
the  whole  central  region  of  the  cord.  The"'-'''^-  -Lt  probably  commenced 
vertical  extent  was  2  cm.  It  was  a  sarcoma  at  the  furrow  Opposite  the 
composed  chiefly  of  spindle  cells  arranged  j^^ad  of  the  posterior  cornu, 
m  fasciculi  and  in  concentric  layers.  The  .  ■  .  ^  wiuu., 
patient  was  suffering  also  from  a  cerebral  "which  it  has  destroyed,  and 
tumour  causing  hemiplegia,  and  the  spinal  the  pressure  which  it  exerted 
growth,  which  apparently  developed  rapidly  •  -i  <  n  .i  t  i 
during  the  final  period  of  palsy  and  prostra-  evident  from  the  displace- 
tion,  was  not  suspected  during  life.  ment  of  the  posterior  median 

septum.  In  all  forms  of  tumour 
the  central  canal  is  often  obliterated  by  the  pressure  and  may  be 
slightly  dilated  higher  up,  and  this  dilatation  is  especially  common 
from  growths  that  begin  in  the  peri-ependymal  tissue.  The  consider- 
able dilatation  of  the  canal  which  is  termed  "  syringo-myelia "  is 
associated  with  a  peculiar  growth  in  this  position,  probably  congenital  in 
origin  ;  it  is  described  in  another  chapter.  In  other  forms  of  tumour 
cysts  occasionally  develop,  and  haemorrhage  may  occur  into  such  cysts, 
or  into  the  softened  tissue  in  the  vicinity  of  the  tumour,  or  even  in 
the  substance  of  a  soft  growth  itself,  especially  when  this  is  a  glioma. 
From  the  region  of  the  growth,  secondary  degenerations  can  frequently 
be  traced  upwards  and  downwards,  but  these  are  often  slighter  than 
the  appaient  damage  would  suggest,  probably  by  reason  of  the 
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remarkable  tolerance  of  the  nerve-fibres  to  pressure  if  this  is  slowly 
developed. 


Fig.  163.— Syphiloma  in  the  spinal  cord,  occupying  the  position  of  the 
posterior  cornuand  adjacent  parts  of  the  posterior  and  lateral  columns,  in 
the  lower  cervical  region.  The  tumour  presented  the  usual  combination 
of  grey  translucent,  and  yellow  cheesy  areas.  A  second  similar,  hut  much 
smaller,  tumour  existed  higher  up.  The  symptoms  were  complicated  by 
hemiplegia,  &c.,  of  cerebral  origin,  due  to  a  gumma  in  the  brain.  Para- 
lysis  with  rigid  flexor  contracture  of  the  left  arm  and  leg  were  apparently 
due  to  the  growth.  The  disease  was  certainly  syphilitic,  but  it  is  note- 
worthy that  it  had  developed  during  continuous  treatment  by  full  doses 
of  iodide,  which  had  entirely  removed  earlier  symptoms,  but  to'  which  the 
system  had  apparently  become  accustomed. 


Symptoms.— The  symptoms  produced  by  tumours  within  the  spinal 
canal,  whether  these  are  within  the  cord  or  outside  it,  resemble  in 
their  general  characters  those  which  we  have  already  considered  as 
resulting  from  growth  and  caries  in  the  bones  of  the  vertebral  column. 
The  resemblance  is  most  close  in  the  case  of  extra-dural  growths,  and 
least  so  in  that  of  tumours  within  the  substance  of  the  cord.  The 
chief  differences  are  the  relative  preponderance  of  symptoms  of 
irritation  of  the  cord  itself,  and  the  indications  of  a  transverse  extension 
of  the  damage  from  one  side  of  the  cord  to  the  other. 

In  the  majority  of  cases  pain  is  a  prominent  symptom  through  the 
whole  course  of  the  disease.  It  is  usually  the  eariiest  symptom,  and 
is  severe  both  before  and  after  the  development  of  other  symptoms. 
The  pain  may  be  felt  along  the  course  of  the  nerves  which  arise  at  the 
level  of  the  tumour  and  also  in  the  parts  supplied  by  nerves  below  that 
level,  e.  g.  in  the  legs.  Both  kinds  of  pain  are  frequently  very  severe, 
darting,  stabbing,  rending  in  character.  Dull  aching  pain  may  be  felt 
between  the  attacks  of  severe  pain.  The  intensity  of  the  suffering  is 
usually  so  great  that  it  has  more  than  once  led  the  unhappy  sufferer  to 
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attempt  suicide.  The  pains  are  commonly  felt  on  one  side  first  in  one 
arm,  m  one  side  of  the  trunk  at  a  given  level,  or  in  one  leg,  and  a  con- 
siderable time  may  elapse  before  they  extend  to  the  other  side.  Occa- 
sionally the  pain  is  bilateral  from  the  first.  The  pains  are  sometimes 
increased  by  movement,  but  rarely  in  the  intense  degree  common  in 
tumours  of  the  bone.  Pain  is  sometimes  felt  in  the  spine  ;  frequently 
when  the  growth  begins  in  the  dura  mater,  rarely  when  it  is  within  the 
substance  of  the  cord.  Tenderness  of  the  spine  often  exists  in  the 
former  cases,  but  is  on  the  whole  a  rare  symptom.  Other  subjective 
sensations  may  occur  with  the  pain  or  in  the  intervals  ;  "  numbness," 
tingling,  formication,  &c.,  and  they  give  significance  to  the  pains  as  an 
indication  of  organic  damage  to  the  nerve-structures.  The  root-pains 
m  the  trunk  are  often  accompanied  by  a  sense  of  constriction,  which 
may  be  very  distressing.  Hypersesthesia  of  the  skin  often  accompanies 
the  pains  felt  at  the  level  of  the  tumour,  less  commonly  those  in  the 
parts  below. 

Muscular  spasm  is  another  common  symptom,  most  pronounced 
when  the  tumour  springs  from  the  membranes.  There  may  be  some 
rigidity  of  the  back  opposite  the  seat  of  the  growth,  usually  associated 
with  local  pain.  It  is  most  marked  when  the  disease  is  at  the  more 
mobile  parts  of  the  spine,  especially  when  it  is  in  the  cervical  region. 
In  such  cases  the  rigidity  may  be  painful,  and  the  pain  may  be 
increased  by  movement.  Severe  spasm  in  the  abdominal  muscles  is 
often  associated  with  severe  girdle  pain.  Contractures  often  develop 
in  the  limbs,  both  in  those  supplied  by  the  nerves  which  arise  at  the 
level  of  the  tumour,  and  are  directly  irritated  by  it,  and  also,  although 
less  commonly,  in  the  parts  supplied  from  the  spinal  cord  below  the 
level  of  the  growth.  Thus  the  tumour  in  one  half  of  the  cord  in  the 
cervical  region  (shown  in  Fig.  163)  caused  persistent  flexor  contracture 
in  the  arm  and  leg  on  the  side  of  the  growth. 

Paralysis  is  almost  invariably  one  of  the  symptoms  produced  by  an 
intraspinal  tumour.  Its  onset  is  usually  gradual.  Paraplegia  is  the 
most  common  form,  but  all  four  limbs  may  be  paralysed  by  a  growth 
in  the  cervical  region.  Very  commonly  one  leg  becomes  weakened 
before  the  other,  and  occasionally  arm  and  leg  suffer  before  the  other 
side.  Tumours  which  are  situated  in  the  middle  line  or  in  the  centre 
of  the  cord,  however,  usually  affect  both  sides  at  the  same  time.  The 
palsy,  gradual  in  onset,  is  usually  also  slow  in  its  extension,  the  rate 
of  its  increase  depending  on  the  rate  at  which  the  tumour  grows  and 
compresses  the  spinal  cord.  This  is  the  characteristic  course  of  the 
paralysis  produced  by  a  tumour.  But  in  a  large  number  of  cases  the 
loss  of  power  comes  on  in  a  subacute,  or  even  an  acute  manner,  in 
consequence  of  the  myelitis  excited  by  the  compression,  which,  in  such 
cases,  may  run  a  course  of  indei^endent  acuteness.  When  the 
inflammation  is  thus  in  excess  of  its  cause,  the  palsy  may  essen  as 
damage  from  the  inflammation  subsides  to  the  degree  of  the  damage 
from  pressure.    The  symptoms  that  depend  on  compression  slowly 
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but  surely  increase  as  the  tumour  grows,  and  usually  attain  a  high 
degree  of  intensity,  the  loss  of  power  in  the  legs,  for  instance,  becoming 
absolute  aud  remaining  so. 

Loss  of  sensation  comes  on  sometimes  with  the  loss  of  motor 
power,  more  often  after  this  has  become  considerable.  It  may  be 
partial  at  first,  but  tends  to  become  complete  as  the  damage  to  the 
cord  increases.  The  loss  of  sensation  correspouds  in  distribution  to 
the  motor  palsy  when  the  disease  is  below  the  middle  of  the  dorsal 
region,  but  if  it  is  situated  above  this,  and  on  one  side,  the 
sensory  loss  is  often  on  the  side  opposite  to  the  motor  paralysis. 
Tumours  of  the  spinal  cord  furnish  a  considerable  proportion  of  the 
cases  in  which  the  crossed  symptoms  of  a  unilateral  lesion  are  well 
marked  (see  p.  157).  In  addition  to  the  loss  of  sensation  which 
results  from  the  damage  to  the  cord  itself,  areas  of  ansesthesia  may 
exist  in  the  region  supplied  by  the  nerves  which  are  damaged  by  the 
growth,  and  in  which  the  severe  radiating  pains  are  felt.  If  there  is 
crossed  sensory  and  motor  palsy,  these  root  symptoms  are  intense 
chiefly  on  the  side  opposite  to  the  ansesthesia  in  the  limbs.  Inco- 
ordmation  of  movement  is  not  a  common  symptom  of  spinal  tumours, 
but  has  been  occasionally  met  with  in  cases  of  growth  in  the  posterior 
column,  of  central  tumour,  and  also  as  a  result  of  multiple  tumours  of 
the  nerve-roots  (see  p.  428).  Loss  of  power  usually  coexists  and 
quickly  becomes  predominant. 

The  condition  of  reflex  action  depends  on  the  position  of  the  tumour. 
In  the  lumbar  enlargement  or  the  cauda  equina,  a  growth  abolishes 
reflex  action  in  the  legs,  and  in  any  position  the  trunk-reflexes  are  lost 
at  the  level  of  the  lesion.  But  when  the  disease  is  situated  higher  up, 
reflex  action  is  increased  and  the  excess  of  cutaneous  reflex  action  is  a 
very  marked  and  early  symptom  of  the  disease.  The  myotatic 
irritability  presents  also  the  increase  that  invariably  results  from 
damage  to  the  pyramidal  tracts,  and  the  usual  tonic  spasm  also 
gradually  develops  and  often  reaches  a  high  degree.  Muscular  con- 
tracture is  added  to  it  more  frequently  than  in  many  other  diseases, 
and  rigid  spasm  in  the  flexors  of  the  knee  and  hip  may  keep  the  heels 
m  contact  with  the  nates. 

Wasting  of  the  muscles  is  for  the  most  part  confined  to  those  parts 
to  which  the  damaged  nerve-roots  go.  In  tumours  of  the  lumbar 
enlargement  and  cauda  equina,  the  atrophy  of  the  muscles  of  the  legs 
IS  a  very  conspicuous  symptom.  Vaso-motor  disturbance  sometimes 
occurs  mthe  early  stage  of  the  disease,  chiefly  in  the  'distribution  of 
irritated  roots,  where  flushing  of  the  skin  has  been  noted,  and  the  so- 
called  '  memngitic  streak  "  ("  tache  cerebrale  ")  may  often  be  produced. 
Occasionally  vaso-motor  oedema  is  a  conspicuous  early  symptom.  In 
the  later  stages,  bedsores  are  very  common  and  often  severe.  Dilatation 
or  contraction  of  the  pupil  is  common  when  a  tumour  is  situated  in 
the  lower  cervical  region. 

The  course  of  the  symptoms  is  variable,  and  depends  on  the  rapidity 
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of  groA^^la  of  the  tumour,  and  on  the  share  which  secondary  myelitis 
takes  in  the  production  of  the  symijtoms.  As  a  rule  the  root  symptoms 
occur  first,  and  in  growths  outside  the  cord  they  may  exist  alone  for 
months,  and  even,  in  the  case  of  a  slowly  growing  tumour,  for  years 
before  the  symptoms  of  damage  to  the  cord  itself  are  added.  On  the 
other  hand,  they  may  be  entirely  absent  in  growths  which  commence 
within  the  cord  itself.  In  some  cases  the  symptoms  are  steadily 
progressive,  from  first  to  last.  In  others  the  progress  is  intennittent ; 
periods  of  increase  in  the  symptoms  alternate  with  stationary  periods. 
Occasionally  a  rapid  increase  of  the  cord  symptoms  may  be  followed 
by  positive  improvement  for  a  time,  but  scarcely  ever  by  an  actual 
disappearance  of  the  manifestations  of  the  disease.  The  most  impor- 
tant  element  in  the  course  of  the  disease  is  the  tendency  to  a  lateral 
extension  of  the  symptoms,  the  expression  of  the  transverse  extension 
of  the  damage,  as  the  several  structures  of  the  cord,  at  the  same  level, 
successively  sufEer.  There  is  sometimes  an  extension  downwards  of 
the  interference  with  the  central  functions  of  the  cord,  when  secondary 
myelitis  descends  to  the  lumbar  enlargement,  but  there  is  scarcely  ever 
an  extension  upwards  above  the  level  of  the  initial  interference  with 
function.  A  small,  slowly-growing  tumour,  even  within  the  cord, 
sometimes  causes  no  symptoms. 

The  chief  differences  between  the  symptoms  of  tumours  of  the  cord 
and  of  the  membranes  are  that,  in  the  latter,  the  root  symptoms  are 
more  severe  in  a  larger  proportion  of  the  cases,  and  that  the  cord 
symptoms  occur  later,  and  are  at  first  more  limited  in  extent.  Spinal 
pain,  tenderness,  and  rigidity  are  more  common.    In  cord  tumours  the 
radiating  pains,  due  to  irritation  of  the  nerve-roots,  are  more  often 
trifling  or  absent,  but  if  the  growth  begins  in  the  neighbourhood  of 
the  posterior  horn  they  may  be  very  pronounced.    The  cord  symptoms 
are  often  bilateral  from  the  first,  and  in  central  tumours  they  may 
develop  equally  on  the  two  sides.    If  they  are  unilateral  at  the  onset 
they  extend  to  the  other  side  sooner  than  in  the  case  of  meningeal 
growths.    Extensive  muscular  atrophy  is  more  common  in  tumours  of 
the  cord  than  in  those  of  the  membranes  (except  in  the  case  of  tumours 
of  the  Cauda  equina),  because  central  tumours  may  damage  the  grey 
matter  through  a  considerable  vertical  extent,  and  are  most  common 
in  the  enlargements,  and  also  because  myelitis  spreads  in  the  grey 
matter  far  more  frequently  when  the  exciting  growth  is  in  the  cord 
itself  than  when  it  is  in  the  membranes. 

In  tumours  of  the  cervical  region  the  interference  with  movement 
of  the  neck,  from  the  rigidity  of  the  muscles,  is  often  well  marked, 
especially  when  the  tumour  is  in  the  membranes.  The  pains  due  to 
irritation  of  the  nerves  are  felt  in  the  arms,  and  are  often  associated 
with  muscular  atrophy.  The  excess  of  reflex  action  in  the  legs  is  very 
great,  and  if  the  influence  of  the  tumour  is  chiefly  on  one  side, 
hemiplegic  weakness,  with  crossed  anaesthesia,  is  present. 

Growths  in  the  dorsal  region  of  the  cord  usually  cause  severe 
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radiating  pains  in  the  trunk,  of  ten  accomimnied  by  an  intensely  painful 
sense  of  constriction,  by  liyperaesthesia,  and  sometimes  by  anesthesia. 
The  simple,  nearly  level  course  of  the  dorsal  nerves,  reveals  the  precise 
position  of  the  disease  more  clearly  than  do  the  symptoms  in  the  arms 
when  the  tumour  is  in  the  cervical  region.  The  "interference  with  the 
trunk-reflexes  often  corroborates  the  indications  afforded  by  the 
subjective  symptoms.  Spinal  tenderness  may  be  also  present,  but 
rigidity  of  the  spinal  muscles  is  not  common.  Eeflex  action  in  the 
legs  presents  the  same  excess  that  results  from  tumours  in  the  cervical 
region,  but  occasionally,  when  the  growth  is  on  the  confines  of  the 
lumbar  enlargement,  a  descending  myelitis  may  abolish  the  reflex 
action,  and  remove  spasm,  if  this  previously  existed,  rendering  the 
muscles  flaccid. 

The  symptoms  produced  by  tumours  which  involve  the  lumbar 
enlargement  vary  considerably  according  to  the  precise  position  of 
the  growth.    The  characteristic  pains  are  felt  in  the  legs,  and  the 
muscles  suppHed  from  the  part  invaded  or  compressed  undergo 
atrophy  and  present  loss  of  reflex  action  and  of  myotatic  irritability, 
but  the  anaesthesia  is  often  limited  in  area.    A  growth  in  the  upper 
part  of  the  enlargement  may  cause  wasting  onlv  in  the  flexors  of  the 
hip  and  extensors  of  the  knee,  with  loss  of  the  knee-jerk  and  anaes- 
thesia m  the  front  of  the  tliigh,  while  the  muscles  below  the  knee 
present  simple  palsy  with  myotatic  excess.    Thus  a  man,  who  had  had 
syphilis,  complained  of  pain  in  the  left  groin  and  thigh,  and  presented 
wasting  of  the  extensors  of  the  knee,  with  anaesthesia  in  the  front 
of  the  thigh;   there  was  loss  of  the  left  knee-jerk,  and  a  foot- 
clonus  on  each  side.     He  recovered,  but  there  was  doubtless  a 
small  syphiloma  at  the  upper  part  of  the  lumbar  enlargement  on 
the  left  side,  interrupting  the  reflex  arc,  damaging  the  motor  and 
sensory  nerves,  and  compressing  both  pyramidal  tracts.    A  growth 
in  the  membranes  adjacent  to  the  middle  or  lower  part  of  the  lumbar 
enlargement  usually  causes  symptoms  of  wide  distribution,  affecting 
the  whole  of  both  legs,  and  the  early  symptoms  of  irritation  often 
mvolve  the  distribution  of  the  upper  lumbar  nerves.    But  a  growth 
at  the  same  level  within  the  cord  may  affect  chiefly  the  muscles  of  the 
lower  leg,  and  cause  anaesthesia  in  the  region  supplied  from  the  sacral 
plexus.    There  may  also  be  palsy  and  wasting  of  all  the  muscles  of 
both  legs  from  an  extensive  secondary  myelitis,  but  even  then  the  sen- 

'Tl^^'V^T^^^^  ^^'^^^^^  tl^ere  is  early  palsy 

of  the  bladder  and  sphincters.  Examination  of  the  sphincter  ani 
shows  absolute  paralysis,  and  not  the  pure  reflex  action  present  when 
the  disease,  arresting  voluntary  influences,  is  higher  up  the  cord. 
The  tendency  to  bedsores  is  commonly  strong  in  tumours  of  this  part 
Growths  situated  in  the  cauda  equina,  which  are  below  and  do  not 
affect  the  cord  itself,  produce  symptoms  very  similar  to  those  due  to 
tumours  of  the  lumbar  enlargement,  but  the  symptoms  are  bilateral 
from  the  first  m  the  majority  of  cases.    Rarely  one  leg  is  affected  alone 
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at  the  outset.  The  symptoms  usually  begin  in  the  lowest  parts  of  the 
legs,  which  are  throughout  affected  in  greater  degree  than  the  upper 
parts,  and  the  flexors  of  the  hip  may  escape  altogether.  Muscular 
contraction  is  much  less  common  than  in  tumours  situated  higher  up. 
The  aneesthesia  is  chiefly  in  the  region  supplied  by  the  sacral  plexus, 
and  the  pains,  usually  very  severe,  are  first  felt  in  the  same  region, 
and  there  may  be  severe  pain  on  each  side  of  the  sacrum  radiating  to 
the  region  of  the  sciatic  nerves.  The  muscles  below  the  knee  rapidly 
waste,  and  often  (but  not  always)  present  the  degenerative  reaction. 
These  symptoms  were  well  marked  and  characteristic  in  the  case  figured 
and  described  at  p.  420  (Fig.  160),  and  the  condition  of  the  muscles 
suggests  that  the  absence  of  any  voltaic  irritability  in  the  muscular 
fibres  was  due  to  their  early  and  intense  fatty  degeneration.  In  many 
cases  the  symptoms  are  irregular  in  distribution;  the  nerves  are 
included  in  the  growth,  and  are  often  damaged  unequally,  and  less 
than  might  be  expected  from  the  size  of  the  tumour,  which  may  be 
considerable  before  its  expansion  is  arrested  by  contact  with  the 
bony  walls  of  the  canal.  Hence  the  loss  of  sensation  may  be  partial, 
and  reflex  action  may  not  be  completely  abolished.  In  the  case  above 
mentioned,  for  instance,  a  prick  on  the  sole  caused  a  reflex  contraction 
of  the  muscles  in  the  upper  parts  of  the  legs,  but  of  these  alone.  In 
some  cases,  however,  the  loss  of  sensation  has  been  absolute  and  reflex 
action  also  has  been  entirely  lost.  The  tendency  to  trophic  changes  is 
great,  and  an  affection  of  the  sphincters  is  almost  invariable.  Cystitis 
and  its  consequences  readily  occur  and  may  reach  a  high  degree,  in 
consequence  of  residual  accumulation,  when  the  patient  is  conscious 
only  of  slight  difficulty  of  micturition. 

Multiple  tumours  may  give  rise  to  very  complex  symptoms.  If 
there  are  only  two  tumours  they  may  be  manifested  by  the  successive 
development  of  focal  symptoms,  similar  in  character  but  different  in 
seat.  In  many  cases  in  which  there  are  many  growths  only  one  or 
two  of  the  largest  have  caused  symptoms,  and  the  smaller  tumours 
have  run  a  latent  course.  In  some  other  cases  in  which  many 
tumours  have  caused  slight  symptoms,  these  have  simulated  closely 
those  of  a  system-disease  of  the  cord.  Thus,  in  the  remarkable  case 
recorded  by  Hughes  Bennett,  multiple  growths  on  the  posterior 
nerve-roots  produced  the  characteristic  manifestations  of  locomotor 
ataxy.*  When,  as  has  often  been  the  case,  cerebral  tumours  coexist 
with  multiple  spinal  growths,  the  symptoms  of  the  latter  have  usually 
been  lost  in  those  of  the  intracranial  disease,  which  has  preceded  the 
spinal  lesion. 

The  duration  of  the  symptoms  of  tumours  of  the  cord  and  mem- 
branes, those  of  syphilitic  nature  being  excluded,  varies  from  three 
months  to  five,  or  even  ten,  years.  In  the  majority  of  cases  death 
ensues  at  the  end  of  from  one  to  three  years  from  the  commencement 
of  the  symptoms. 

*  '  Cliu.  Traus.,'  1885. 
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Diagnosis. — Although  no  symptom  produced  by  tumours  within 
the  vertebral  canal  is  actually  pathognomonic,  and  the  disease  is  of 
course  not  to  be  directly  recognised,  yet  the  combination  of  symptoms, 
and  the  coui*se  which  they  present,  are  in  most  cases  sufficiently 
characteristic  to  render  the  diagnosis  a  matter  of  no  great  difficulty. 
The  symptoms  of  greatest  diagnostic  importance  are,  first  the  jDain, 
severe  in  degree  and  constant  in  seat,  and  secondly  the  progressive 
paralysis.    Of  less  but  still  considerable  imj)ortance  are  the  rigidity 
of  the  muscles  of  the  spine,  the  muscular  contractions  in  the  limbs, 
and  the  early  and  marked  excess  of  reflex  action  when  the  cord  itself 
is  involved.    In  the  course  of  the  disease,  the  most  important  features 
are  the  steady  progress  of  the  symptoms,  and  especially  their  com- 
mencement on  one  side  and  extension  to  the  other.    Causal  indications 
occasionally  corroborate  the  diagnosis,  and  sometimes  give  additional 
weight  to  suggestive  symptoms.     Of   such  indications   the  most 
important  are  a  history  of  constitutional  syphilis,  the  presence  of 
tubercular  disease  elsewhere,  and,  in  rare  instances,  the  existence,  in 
other  parts,  of  such  multiple  growths  as  are  known  to  occur  also 
within  the  spinal  canal,  especially  multiple  sarcomata  and  neuromata. 

The  diagnosis  of  multiple  growths  depends  on  the  recognition  of  the 
successive  development  of  the  characteristic  symptoms  in  more  than 
one  focus.  It  is  rare  for  more  than  two  of  many  tumours  to  cause 
definite  symptoms.  The  greatest  absolute  difficulty  in  the  diagnosis  of 
a  spinal  tumour  is  presented  by  the  cases,  by  no  means  rare,  in  which  an 
intracranial  tumour  precedes  the  growth  within  the  vertebral  column, 
and  the  symptoms  of  the  latter  are  overlooked  in  the  presence  of  the 
severe  manifestations  of  the  former.  In  most  cases,  however,  the 
disease  can  be  recognised  if  the  additional  symptoms,  which  usually 
exist,  are  detected  by  careful  observation,  and  their  significance  is 
recognised. 

The  differential  diagnosis  involves  the  distinction  from  diseases  of 
the  vertebral  bones,  of  the  membranes,  and  of  the  cord  itself.  Caries 
of  the  spine  has  many  symptoms  in  common  with  tumour,  but  the 
root  pains  are  rarely  very  severe,  and  the  effects  of  compression  of  the 
cord  are  usually  bilateral,  either  from  the  first  or  very  soon  after  their 
commencement.    The  paralysis  seldom  reaches  a  considerable  degree  in 
one  leg  before  the  other  suffers.    The  signs  of  bone  disease  are  rarely 
long  absent,  and   repeated   examination  usually  reveals  at  least 
irregularity  of  the  vertebral  spines.    From  growths  in  the  bones  of 
the  spinal  column  the  diagnosis  may  at  first  be  impossible.    But  the 
pam  of  tumour  is  rarely  increased  by  movement  to  the  same  intense 
degree  as  when  the  growth  commences  in  the  bone,  unless  the  tumour 
IS  in  the  cervical  region  of  the  cord,  and  then  the  greater  accessibility 
of  the  vertebral  column  renders  the   exclusion  of  bone  growths 
comparatively  easy  by  local  examination.    In  the  dorsal  region  a 
growth  m  the  bone  may  long  escape  detection,  but  even  here  the 
influence  of  movement  on  the  pain  is  often  extreme,  far  greater  than 
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in  the  case  of  tumours  within  the  canal.  The  effect  of  movement  of 
the  vertebrjB  on  the  nerve-roots,  when  compressed  as  they  pass  throuj?h 
the  foramina,  is  far  greater  than  when  they  are  compressed  within  the 
canal.  Sooner  or  later  the  local  enlargement  manifests  itself  externally 
and  shows  the  nature  of  the  case. 

"Hypertrophic  pachymeningitis,"  afPecting  the  cervical  region  is 
the  only  meningeal  disease  which  closely  simulates  the  symptoms'  of 
tumour,  but  its  effects  are  usually  from  the  first  bilateral,  and  they 
have  a  considerable  vertical  extent.  Hence  it  is  only  with  central 
tumours,  which  grow  through  several  inches  or  more  of  the  cord  that 
the  disease  is  likely  to  be  confounded.  In  each  malady  there  mLy  be 
muscular  atrophy  in  the  arms,  and  paralysis,  without  wasting,  in  the 
legs.  But  m  central  tumours  the  sensory  symptoms  in  the  arms  are 
usually  much  slighter  than  in  the  thickening  of  the  membrane ;  there  is 
rarely  the  early  and  Hmited  anaesthesia  which  results  from  the  damage 
to  the  nerve-roots  in  the  latter  disease. 

The  affection  of  the  cord  itself  which  most  closely  simulates  the 
symptoms  of  tumour  is  chronic  transverse  myelitis.  In  such  a  case 
as  that  shown  in  Fig.  96,  p.  240,  the  diagnosis  may  be  a  matter  of 
extreme  difficulty.  The  radiating  pains  in  this  case  were  severe  and 
local,  and  the  limitation  of  the  symptoms,  for  a  long  time,  to  one  side, 
with  crossed  sensory  and  motor  palsy,  presented  an  almost  perfect 
analogy  to  the  effects  of  a  growth.  But  it  is  very  rare  for  severe  and 
acute  radiating  pains  to  result  from  focal  myelitis,  although  a  painful 
sense  of  constriction  is  common  ;  moreover,  in  tumour,  one  half  of  the 
cord  seldom  suffers  severely  without  the  functions  of  the  other  half  also 
being  soon  impaired  in  some  degree.  The  limitation  of  chronic 
myelitis  to  a  single  focus  is  also  very  unusual ;  a  considerable  vertical 
extent  of  the  cord  is  usually  involved  in  varying  degree.  Hence  the 
practical  difficulty  in  diagnosis  is  not  so  great  as,  at  first  sight,  might 
appear.  Acute  or  subacute  myelitis  can  only  be  confounded  with  a 
growth  in  cases  in  which  inflammation  results  from  pressure,  and 
develops  with  independent  energy  and  rapidity.  In  such  cases 
the  occurrence  of  myelitis  must  be  recognised,  and  the  diagnostic 
problem  is  the  detection  of  the  preceding  symptoms  of  the  growth 
that  excites  the  inflammation.  This  is  usually  easy;  the  severe 
pains,  and  commonly  also  the  slighter  symptoms  of  paralysis,  which 
existed  before  the  rapid  increase  in  the  loss  of  power,  are  sufficient 
proof  of  a  chronic  morbid  process,  to  which  the  inflammation  is 
secondary. 

The  early  pains  are  often  thought  to  be  neuralgic,  but  their  constancy 
and  continuance  should  suggest  organic  irritation  ;  their  seat  moreover 
is  rarely  that  in  which  neuralgia  is  common.  The  pain  produced  by 
tumours  of  the  cauda  equina  is  often  felt  first  in  the  sciatic  area,  and 
thought  to  be  sciatica,  but  it  is  commonly  from  the  first  bilateral,  while 
sciatica  is  almost  invariably  one-sided,  and  bilateral  sciatic  jmin  should 
always  suggest  irritation  where  the  sensory  fibres  from  both  sides  are 
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near  together,  and  can  be  irritated  by  a  single  cause,  i.  e.  it  should 
suggest  disease  within  the  vertebral  canal.  la  all  cases,  however 
dubious  the  early  pains  may  be,  other  symptoms  soon  become  added, 
and  prove  that  there  is  more  than  a  simple  neuralgia. 

If  the  existence  of  a  tumour  is  clear,  the  question  remains,  what  is 
its  nature?     If  the  patient  has  had  constitutional  syphilis,  the 
syphilitic  nature  of  the  growth  is  highly  probable,  and  the  probability 
is  further  raised  in  degree  if  the  growth  developed  rapidly,  so  that  the 
symptoms  attained  a  considerable  intensity  in  less  than  three  months 
from  their  onset.    The  coexistence  of  a  cerebral  lesion  also  increases 
the  hkelihood  of  the  syphilitic  nature  of  the  growth.    Either  of  the 
two  last  considerations  suggests  the  same  conclusion  in  any  case  in 
which  syphilis,  although  not  proved,  is  possible,  but  it  must  be 
remembered  that  cerebral  and  spinal  tumours,  of  other  than  syphilitic 
nature,  may  coexist.    In  the  same  way,  tubercular  and  scrofulous 
processes  suggest  the  tubercular  nature  of  a  tumour,  and  this  is 
farther  supported  by  indications  of  the  existence  of  more  than  one 
tumour  in  the  spinal  cord,  and  by  long  periods  of  arrest  of  the  progress 
of  symptoms  that  were  slow  in  their  development.    Such  arrest 
indicates  an  arrest  of  the  growth  of  the  tumour,  which  vve  cannot  infer 
from  the  subsidence  of  symptoms  that  developed  rapidly,  and  may  have 
been  due  to  secondary  inflammation.    Tumours  elsewhere  always 
constitute  strong  evidence  of  the  nature  of  one  in  the  cord,  but  such 
an  indication  is  rarely  available,  since  the  spinal  canal  is  rarely  the 
seat  of  secondary  growths.    Multiple  tumours  are  probably  either 
sarcoma  or  neuroma.    In  the  absence  of  these  indications  a  meningeal 
tumour  IS  probably  a  sarcoma,  and  a  tumour  within  the  cord  is 
probably  a  glioma,  because  these  are  the  most  frequent  kinds  of 
growths  which  occur  in  those  situations.    A  diagnosis  founded  on 
mere  frequency  of  occurrence  has  necessarily  only  a  low  degree  of 
probability,  and  must  be  sometimes  wrong. 

Prognosis.- Unless  the  tumour  is  syphilitic  the  prognosis  is 
necessarily  most  grave.  Of  all  syphilitic  lesions,  growths  are  those 
that  are  most  amenable  to  treatment,  and  the  effects  of  which  most 
certamly  pass  away,  if  they  have  not  reached  an  extreme  de-ree  or 
lasted  too  long  a  time.  If,  however,  the  damage  has  been  allowed  to 
remam,  unchecked,  for  several  months,  recovery  may  be  imperfect, 
lumours  of  other  kinds  steadily  increase,  and  the  resulting  damage  is 
on  the  whole  steadily  progressive  although  its  course  may  be  varied 
by  stages  of  rapid  (myehtic)  increase  in  the  symptoms,  followed  bv 
stationary  periods  and  even  by  transient  improvement.  ' 

TREATMENT.-If  the  growth  is  Syphilitic,  iodide  of  potassium  should 
be  given  m  full  doses  of  30-90  grains  a  day,  and  unless  the  symptoms 
rapidly  lessen  mercury  may  also  be  administered.  It  is  important 
that  the  treatment  should  be  energetic  and  prompt,  so  as  to  effect 
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some  diminution  of  the  pressure  as  quicldy  as  possible,  since  the 
longer  this  continues,  the  more  considerable  are  the  degenerative 
changes.  Even  a  difference  of  a  few  days  in  the  influence  of  treat- 
ment, and  consequent  duration  of  pressure,  may  make  a  difference  of 
weeks  in  the  duration  of  symptoms  and  have  a  distinct  influence  on 
the  degree  of  ultimate  recovery.  If  the  symptoms  suggest  a  tumour, 
and  syphilis  is  possible,  appropriate  treatment  should  be  adopted  for  a 
time,  since  it  can  do  no  harm  if  the  tumour  is  not  syphilitic,  and  may 
save  the  patient's  life  and  strength  if  it  is.  It  should  be  remembered, 
moreover,  that  syphilis  can  only  be  excluded  when  there  has  been  no 
possibility  of  infection.  In  a  certain  proportion  of  the  cases  of  late 
syphilitic  lesions,  in  the  nervous  system  and  elsewhere,  there  is  no 
history  of  secondary  syphilis,  and  in  another  proportion  of  cases  of 
secondary  syphilis  there  is  no  history  of  a  primary  sore.  Hence  it  is 
a  priori  certain  that  in  some  cases  of  late  lesions  a  -history  of  both 
primary  sore  and  secondary  symptoms  will  be  absent,  and,  as  a 
matter  of  fact,  such  cases  are  met  with  not  unfrequently.  Of  course 
these  cases  cannot  be  counted  as  syphilitic  in  any  scientific  inves- 
tigation into  the  influence  of  this  disorder,  but  we  have  often  to 
allow  weight,  in  treatment,  to  considerations  which  are  insuflBcient  to 
influence  scientific  investigations,  and  treatment  determined  by  the 
mere  possibility  of  syphilis  is  often  justified  by  its  results. 

In  other  than  syphilitic  cases  we  can  do  little  more  than  treat  sym- 
ptoms, relieving  pain  by  sedatives,  watching  the  state  of  the  bladder, 
preventing  th.e  occurrence  of  cystitis  and  guarding  the  patient 
from  bedsores.  We  must  remember  that  sedatives  will  probably  be. 
needed  for  a  long  time,  and  they  must  therefore  be  used  as  sparingly 
as  possible,  lest  custom  and  tolerance  deprive  them  of  their  power, 
Cocain  may  be  used  in  many  cases  as  an  aid  in  economising  the  influ- 
ence of  morphia.  It  is  highly  probable  that  Surgery  may  ultimately  be 
able  to  cope,  in  some  degree,  with  meningeal  tumours.  Modern 
methods  render  the  opening  of  the  spinal  canal  far  less  formidable 
than  it  formerly  was,  and  the  removal  of  a  tumour  from  "the  mem- 
branes of  the  cord  would  involve  less  immediate  danger  of  serious  con- 
sequences than  the  removal  of  a  tumour  from  the  brain.  On  the  other 
hand,  growths  within  the  spinal  cord  are  altogether  outside  the  pos- 
sible range  of  surgical  procedure,  since  the  removal  of  such  a  tumour 
would  entail  an  injury  equal  to  the  greatest  damage  the  growth  could 
ultimately  inflict,  and  equally  disastrous  in  its  consequences. 
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CAVITIES  AND  FISSUEES  IN  THE  SPINAL  CORD 

(syringomyelia,  hydeomyelia,  hydeoeehachis  inteena).  ■ 

Cavities  in  the  spinal  cord,  distended  with  liquid,  are  met  with  at 
all  ages.    They  are  found  sometimes  in  young  children,  a  condition 
termed  "hydromyelia."    In  such  cases  they  are  clearly  due  to  an  arrest 
of  development,  which  often  affects  the  brain  also.    The  cavities  met 
with  in  adults  have  been  distinguished  from  those  found  in  young  chil- 
dren, and  have  been  termed  "  syringomyeUa."   This  condition  has  been 
supposed  to  be  acquired,  the  result  of  morbid  processes  commencing 
in  adult  life,  but  the  two  conditions  present  so  many  points  of  resem- 
blance that  they  are  probably  of  the  same  nature,  and  the  adult  cases, 
as  well  as  the  infantile  forms,  are  congenital  in  origin,  although  they 
are  no  doubt  modified  by  secondary  changes  occurring  during  their 
longer  course.*    The  following  figures  illustrate  all  the  most  impor- 
tant facts  regarding  this  morbid  state,  and  the  somewhat  complex 
conditions  will  be  best  understood  by  considering  the  appearances 
presented  in  the  several  figures,  and  their  significance. 

The  great  fact  of  all  cavities  within  the  cord  is  their  association 
with  the  presence  of  abnormal  tissue,  resembling  closely  that  which 
commonly  surrounds  the  central  canal  of  the  cord,  and  that  which 
exists  as  a  thin  layer  on  the  surface  of  the  cord,  between  the  pia  mater 
and  the  nerve-tissue.  The  two  are  probably  of  the  same  nature,  but 
that  around  the  canal  is  modified  by  the  growth  in  it  of  small  cells 
or  nuclei.  It  is  probable  that  this  abnormal  tissue,  accompanying 
the  cavities,  is  due  to  a  persistence  of  the  embryonal  tissue  from 
which  the  cord  is  developed,  and  that  the  presence  of  the  cavities  is 
due  partly  to  defective  closure  of  the  tube  which  is  first  formed 
(residual  portions  of  which  become  distended  by  accumulation  of 
liquid).,  and  partly  to  the  breaking  down  of  this  persistent  embryonal 
tissue  or  to  tissue  formed  from  it  by  a  process  of  growth.  The 
cord  sometimes  suffers  serious  damage  from  pressure,  owing  to  the 
distension  of  the  cavity  by  the  liquid  which  accumulates  within  it. 

To  understand  the  origin  of  these  conditions  it  is  necessary  to 
remember  the  mode  of  development  of  the  spinal  cord.  The  sides  of 
the  primitive  furrow  of  the  embryo  coalesce  so  as  to  form  a  canal  of 
relatively  large  size,  the  walls  of  which  are  thinner  in  front  and 
behind  than  at  the  sides,  and  consist  of  elongated  cells,  some  of  which 
are  arranged  regularly  at  the  inner  surface  of  the  cavity,  like  an 
epithehum.  The  anterior  wall  first  becomes  thickened,  to  form  the 
white  commissure  and  the  front  part  of  the  grey,  while  an  abundant 
growth  of  cells  occurs  at  the  sides  of  the  tube,  and  extends  forwards 
(i.e.  downwards  in  the  position  of  the  embryo),  thus  forming  the 

*  See  Leyden,  '  Virchow's  Archiv,'  Bd.  68,  p.  1. 
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lateral  and  anterior  columns  ;  between  the  two  projections  thus  formed 
is  the  depression  of  the  anterior  fissure.  Next  occurs  a  growth  back- 
wards of  the  now  thick  sides,  which  forms  the  posterior  parts  of  the 
lateral  columns  and  the  adjacent  part  of  the  posterior  columns,  and 
with  this  the  posterior  roots  are  connected;  this  forms  the  "root- 
zone"  of  the  posterior  columns.  The  posterior  median  columns  are 
formed  later.  The  central  canal  extends  backwards  between  these 
two  rudimentary  postero-external  columns,  being  closed  behind  only 

 •  by  a  thin  layer  of  cells.    As  the  pos- 

-j  --^"^:  ""  '"^  ■      terior  columns  increase  in  thickness  the 

•rr-  -    ■  .^•;;..^,..J^r'  posterior  part  of  the  canal  becomes  nar- 

„ ,  rowed,  and  its  walls  unite  near  its  ante- 

^  rior  extremity  so  as  to  form  the  posterior 

grey  commissure,  and  divide  the  canal 
into  two  parts.  Of  these  the  anterior 
becomes  the  permanent  canal,  while  the 
posterior  is  reduced  to  a  narrow  fissure 
between  the  posterior  columns.  Ulti- 
mately  this  posterior  narrow  part  be- 
0^^"^^,  comes  closed  by  a  growth  of  cells  which 


^  occurs  from  behind  forwards,  as  the  me- 


V 


.  . ,  i^j  "^    c  dian  parts  of  the  posterior  columns  deve- 

lop.   All  these  parts  consist  first  of  em- 
?-^'ss*si&.^      bryonal  cells,  which  afterwards  undergo 
"     '  -     a  transformation  into  the  nerve-elements 
^  .';>>^£:.     proper,  and  the  order  of  transforma- 
tion  is  the  same  as  that  in  which  the 
D  parts  were  formed,  the  posterior  median 

Fig.  164.— Central canalin normal  columns  latest.  The  cells  of  the  grey 
cords.  It  has  the  form  of  a  matter  are  formed  before  the  fibres  of 
transverse  slit  in  A,  a  vertical  . i        i  n  o  i?  xi 

slit  in  C  (from  the  conns  medul-        white ^  columns.     Some  of  the  em- 

laris),  while  in  B  it  is  circular,  bryonal  elements   undergo  a  different 

In  each  it  is  lined  by  columnar  slighter  change.    They  may  almost 

epithehum  and  sui-rounded  by  ,        .   °  .  ° 

cellular  elements,  rounded,  or  be  said  to  persist,  constituting  the  neu- 

angular  from  compression,  roglia  and  the  gelatinous  grey  substance 
mingled  with  granules.    In  D,        ,  ■  -.i    -x  j  xi  i  j 

which  is  from  the  same  spinal  continuous  With  it  around  the  cord,  at 

cord  as  C,  the  position  of  the  the  posterior  root  fissure,  and  around  the 
canal  is  occupied  by  a  mass  of  central  canal. 

nuclear  tissue.  -,    ^  •         i    t      •  t 

Ihe  central  canal  ultimately  lies  m  the 
anterior  part  or  middle  of  the  grey  commissure.  It  may  j)ersist  through 
life  as  a  cavity,  circular  in  section,  or  as  a  slit,  autero-posterior  or  trans- 
verse, and  is  lined  with  epithelium  (Fig.  164).  Around  the  canal  there 
are  usually  many  nuclear  elements,  especially  on  each  side  of  it,  and 
these  frequently  fill  up  the  lumen  of  the  canal,  so  that  its  position  is 
indicated  only  by  an  oval  mass  of  small  cellular  elements  (Fig.  164). 
The  obliteration  of  the  canal  often  occurs  quite  early  in  life,  and  is  no 
evidence  of  any  morbid  process.    The  canal  may  be  found  obliterated 


SYBTNGOMYELIA. 


435 


in  one  part  of  tlie  cord,  and  patent  in  another  (c,  d,  Fig.  164).  The 
simple  closxire  of  the  canal  by  nuclei  does  not  cause  any  distension  of 
the  part  which  is  above  the  closed  portion,  or,  at  any  rate,  not  more 
than  a  very  slight  increase  in  size,  so  trifling  that  its  significance  is 
open  to  question. 

In  the  congenital  condition  found  in  young  children  the  morbid 
change  presents  two  distinct  features.  There  is  usually  a  quantity 
of  tissue  of  translucent  aspect,  which,  from  its  structure,  is  clearly 
persistent  embryonal  tissue  in  which  nerve-elements  have  not  deve- 
loped, and  there  is  a  cavity  which  is  usually  clearly  due  to  imperfect 
closure  of  the  canal.  The  change  is  always  confined  to  the  posterior 
half  of  the  cord,  and  usually  to  the  posterior  columns,  which,  as  we 
have  seen,  are  formed  last.  The  persistent  embryonal  tissue  is  some- 
times  increased  by  a  process  of  active  growth,  and  the  persistent 
canal  or  cavity  is  often  enlarged  by  a  process  of  distension.  Further, 
when  the  persistent  tissue  'is  considerable  in  quantity  it  may  break 


Fio.  165.— Hydromyelia,  from  a  child  two  years  old,  with  encephalocele  and 
absence  of  cerebellum.  (After  Leyden.)  In  A,  cervical  region,  the  central  canal 
IS  large,  lined  with  epithelium,  and  from  it  a  medial  fissure  extends  backwards 
mnr^^nK  the  periphery  of  the  cord,  limited  by  a  layer  of  homogeneous  tissue, 
more  abundant  at  the  posterior  limit.  In  B,  lower  down,  the  fissure  is  enlarged 
to  a  cavity  of  considerable  size,  while  in  C  it  is  still  larger,  and  the  posterior 
columns  are  reduced  to  a  narrow  zone  between  the  layer  of  tissue  which  bounds 
the  cavity  and  the  grey  substance. 

down,  and  thus  give  rise  to  a  new  cavity,  or  enlarge  that  which  has 
developed  from  the  primitive  canal. 

These  conditions  are  shown  very  well  in  the  adjoining  figures,  after 
Leyden  (Figs.  165,  166).  In  the  former,  at  a,  the  cavity  presents 
nearly  the  shape  which  it  has  at  one  period  of  development,  before 
the  formation  of  the  posterior  columns  is  completed,  and  without 
the  separation  into  two  parts  produced  by  the  formation  of  the  pos- 
terior commissure.  It  is  bounded  by  a  narrow  layer  of  embryonal 
tissue,  which  widens  out  behind,  having  nearly  the  shape  of  the  pos- 
tenor  median  columns,  which  are,  as  we  have  seen,  the  last  to  be 
formed.  In  b  and  c  the  cavity  is  much  larger,  and  the  posterior 
columns  are  smaller,  either  by  an  earlier  arrest  of  development  or  by 
greater  distension,  or,  most  probably,  by  the  influence  of  both  these 
agencies  The  cavity  extends  up  to  the  posterior  surface  of  the  cord 
and  IS  closed  in  there  only  by  a  narrow  layer  of  cellular  structure.  ' 

.   -J^  somewhat  more  complex  conditions.  The 

cavi  y  in  the  first  section  closely  resembles  in  appearance  that  in  a  of 
the  last  figure,  but  differs  in  the  important  fact  that  the  posterior  com- 
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missure  has  apparently  been  formed  and  the  central  canal  developed 
in  the  normal  manner,  although  it  has  become  obliterated  by  nuclei.' 
^^Ti^}^.p¥^.j^-^,      ^^^s     clear  if  the  commissure  is  compared 
/"'^'■^■^--'C   M-  ''']-^^W%  several  figures.   The  cavity  therefore- 

t  M  '  ^^^^  1^5'  represent  the  whole 

y  :  )       J       the  primitive  canal,  but  only  the  posterior 

■  I  jl  i  ''"^  S|    portion,  after  its  division.    The  adjacent 

,  , ,   I  'l  •'''/{t^      tissue  is  much  more  aljundant  than  in  the 
^^^U^^^  A     other  case.    The  projection  into  the  pos- 
terior extremity  of  the  cavity  indicates  a 
Wjr>^      process  of  active  growth,  which  is  also 
^      shown  by  the  irregularity  of  the  cavity  in  b, 
the  large  amount  of  tissue,  and  the  wide 
separation  of  the  posterior  horns.    In  c, 
g      from  the  lower  part  of  the  cord,  the  embry- 
onal tissue  occupies  two  oval  areas  in  the 
rp^  rj77'9^  posterior  column  (clear  in  the  figure),  while 

^      '  the  cavity  is  closed  or  nearly  so.    (A  little 

lower  down  a  cavity  existed  in  the  centre  of 
these  areas,  apparently  due  to  breaking 
/j,,^  j  j:i>^  down  of  the  tissue.)     In  d,  again,  the 

"^-i^-j^^       C        embryonal  tissue  occupies  only  the  middle 
^f'i^^'^'p-j:-.  ^  wedge-shaped  area,  due  to  the 

■^iMMi\r\ih'f-:\  defective  formation  of  the  medial  part  of 

the  posterior  columns.    It  has  been  men- 
tioned that  the  neuroglia  may  be  regarded 
^  as  a  persistent,  slightly  modified,  embryonal 

tissue,  and  these  exuberant  masses  of  tissue 

Pia.  166.— Hydromyelia,  from  tear  considerable  resemblance  in  structure 
a  child  a?ed  two  and  a  half  .       t  .i    .  tx-      i  i 

years,  with  internal  hydro-       glioma,  SO  that  the  condition  has  been 

cephalus  and  absence  of  cere-  called  "  gliomatosis."     In  each  of  these 

helium.  (After  Leydeu  '  Vir-  ^^g^g  ^he  brain  participated  in  the  defect 

chow's  Arch./ Bd.  68.)  A,B,  \  ^ 

cervical  region ;  gelatinous  01  development ;  there  was  internal  hydro- 

(embryonal)  tissue  in  the  cephalus,  and  the  cerebellum  was  absent, 
posterior  columns  encloses  a 
medial  cavity,  lined  in  places 

with  cylindrical  epithelium.      The  cavities  in  the  adult  cord  present 
and  helieved  therefore  to  be  ^        varieties.    The  most  common  form 
the  dilated   central  canal.  .     .  ■  ^  r 
C,  lower  dorsal ;  in  each  resembles  m  its  essential  features  the  con- 
posterior  column  is  a  mass  genital  disease  which  we  have  just  considered. 

of  similar  gelatinous  sub-  -r,  ,  j.  i  j-i^ 

stance  (which,  by  a  mistake,  Between  the  two  there  are  also  differences, 

is  shown  in  C  as  an  open  but  the  resemblance  is  sufficiently  close,  and 

cavity).  In  D,  lumbar  region,  ^-^^     -^^  differences  is  sufficiently 

this  tissue  occupies  only  the  °         .  •    ii        ,  •  ^  -, 

position  of   the  posterior  clear,  to  make  it  practically  certam,  as  already 

median  columns.  mentioned,  that  the  two  forms  are  really  the 

same,  and  the  condition  met  with  in  adults  is  the  congenital  condition 
persisting  until  later  life.  Of  the  characters  which  this  form  has  in 
common  with  the  congenital  disease,  the  most  important  are  the  posi- 
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tion  of  the  cavities,  and  the  presence  of  tissue  in  their  vicinity  of 
embryonal  or  gliomatous  nature.  The  differences  depend  on  an  appa- 
rent increase  of  this  tissue  by  a  process  of  growth,  on  the  greater 
damage  to  the  other  parts  of  the  cord  by  the  distension  of  the  cavity, 
and  on  the  extent  to  which  the  formation  of  new  cavities  or  enlarge- 
ment of  old  -ones  takes  place  by  a  process  of  disintegration  of  the 
newly-formed  or  persistent  tissue. 

In  the  first  place,  as  the  simplest  condition,  we  may  have  a  dilatation 
of  the  central  canal  .surrounded  by  gliomatous  tissue  disposed  as  in 
congenital  cases.  This  tissue  is  often  more  abundant,  and  forms  a 
more  distinct  mass,  lower  down  the  cord,  below  the  cavity.  A  good 
example  of  this  condition  in  slight  degree  is  presented  by  the  cord, 
the  seat  of  chronic  myelitis,  represented'  at  Fig.  97,  p.  241. '  In  the 
cervical  region  (a)  there  is  a  large  central  canal,  bounded  by  a  thick 
layer  of  gliomatous  tissue.  In  the  inner  layer  of  this  tissue,  and 
bounding  the  cavity,  is  a  sinuous  membrane,  fibrous  in  structure. 
The  origin  of  this  membrane  is  not  easy  to  explain,  but  it  is  often 
found  in  cavities  of  this  character,  and  is  evidence  of  the  common 
nature  of  those  that  differ  much  in  other  respects.  In  the  lumbar 
region  (b),  the  tissue,  which  bounds  the  cavity  in  the  other  section, 
forms  a  large  round  mass  in  the  position  of  the  canal,  obliterating  it. 

In  other  cases  a  central  cavity  appears  not  to  be  the  canal  itself,  but 
to  be  situated  behind  it,  as  we  have  seen  may  be  the  case  in  infants.  It 
is  then  apparently  due  to  a  persistence  of  the  fore  part  of  the  posterior 
portion  of  the  canal,  after  the  posterior  commissure  has  been  formed. 
In  Fig.  167,  for  instance,  we  have  a  central  cavity,  but  in  the  commis- 
sure in  front  of  this  is  a  mass  of  nuclei  having  the  usual  aspect  of  an 
obliterated  canal.*    The  cavity  is  surrounded  by  a  zone  of  tissue, 
which  in  a  and  b  sends  off  a  fringe  of  processes,  especially  backwards. 
This  tissue  increases  in  the  lower  part  of  the  cervical  region  (c).  In 
B  a  small  cavity  is  formed  between  the  tissue  and  the  grey  matter,  by 
breaking  down,  and  in  c  a  small  cavity  exists  in  the  middle  line  behind 
the  growth,  probably  due  to  deficient  closure  of  the  original  fissure,  and 
increased  by  a  destructive  process.     Still  lower  the  commissure 
resumes  its  normal  appearance,  but  the  collection  of  nuclei  in  the 
position  of  the  canal  is  unusually  large  (d)  .    In  the  lumbar  region  the 
canal  is  patent  (e).  The  degenerations  of  the  posterior  median  column 
and  of  the  lateral  columns  were  secondary. 

We  have  seen  that  even  in  the  congenital  cases  we  must  recognise 
*  This  is  the  probable  interpretation.  At  the  same  time  it  is  possible  that  the 
nuclei  have  not  this  significance,  and  that  it  is  really  the  central  canal.  It  is  often 
more  difficult  than  might  be  imagined  to  say  whether  a  cavity  does  or  does  not 
represent  the  central  canal.  The  presence  or  absence  of  an  epithelial  lining  has 
generally  been  taken  as  a  criterion,  but  it  is  doubtful  whether  this  has  any  signifi- 
cance. Around  the  whole  of  the  original  cavity  the  inner  layer  of  cells  is  arranged 
as  an  epithelium,  and  if  any  part  of  it  persists  it  is  probable  that  epithelium  will 
persist  also.  Moreover,  the  epithelium  often  disappears  from  the  wall  of  the  dilated 
central  canal  itself ;  always  where  it  is  enlarged  by  breaking  down  of  tissue. 
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a  process  of  growth  of  the  per- 
sistent embryonal  tissue  to 
account  for  some  of  the  con- 
ditions met  with,  and  a  like 
process  is  suggested  by  the  cen- 
tral mass  in  Fig.  97,  b.  Hence 
it  is  not  surprising  that  in 
many  cases  the  growth  should 
attain  the  dimensions,  and 
assume  the  characters,  of  a 
positive  tumour.  In  most  cases 
the  tumour  has  been  central  in 
position,  and  has  had  the  strac- 
ture  of  a  glioma.  It  has  occu- 
pied a  large  part  of  the  area  of 
the  cord  at  a  certain  part.* 
In  the  chapter  on  the  tumours 
of  the  cord  it  has  been  pointed 
out  that  sarcomata  also  may 
grow  from  the  tissue  around 
the  central  canal,  as  in  the  case 
shown  in  Fig.  162.  Hence  it 
is  not  surprising  that  the  con- 
dition of  syringomyelia,  even 
if  this  is  congenital  in  origin, 
should  be  frequently  associated 
with  definite  tumours.  The 
growths  have  often  been  mul- 
tiple, apparently  the  result  of 
a  widespread  tendency,  and, 

*  As  in  an  interesting  case  de- 
scribed and  figured  by  Riesinger, 
'  Virchow's  Arcbiv/  Bd.  98. 
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Fig.  167. — Syringomyelia,  from  a 
case  of  tumours  of  the  pons  and 
Cauda  equina,  with  some  diffuse 
sclerosis  in  the  dorsal  region  of 
the  cord.  A,  B,  and  C  are  sections 
_  of  the  cervical  enlargement.  The 

£  large  cavity  in  A  is  perhaps  the 

^  dilated  canal,  since  it  is  lined  in 

front  vs-ith  epithelium,  but  in  front  of  it,  in  the  posterior  commissure,  is  a  group  of 
nuclei  like  an  obliterated  canal.  The  zone  of  tissue  around  the  cyst  is  composed  of 
interlacing  fibres  and  nuclei,  and  processes  extend  from  it  into  the  posterior 
columns,  both  in  front  and  behind.  In  B  the  cavity  is  smaller  and  the  wall 
thicker,  while  in  C  the  tissue  about  it  forms  a  considerable  mass,  and  a  second  small 
cavity  has  formed  in  the  middle  line,  apparently  by  the  breaking  down  of  the  tissue. 
In  the  dorsal  region  there  was  merely  an  unusually  large  accumulation  of  nuclei  in 
the  position  of  the  canal,  which,  in  the  lumbar  region,  had  the  normal  aspect  (E). 
The  cord  presents  degeneration  of  the  right  pyramidal  tract  (descending  from  the 
tumour  in  the  pons),  and  of  the  post.  med.  cols,  and  ant.  lat.  ascending  tract,  pro- 
bably ascending  from  the  sclerosis. 
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perLaps,  connected  witli  a  widespread  persistence  of  embryonal  tissue, 

of  which  we  shall  presently  consider  a  remarkable  instance.    In  the 

case  shown  in  Fig.  167  there 

was  a  tumour  of  the  pons 

and  also  one  of  the  cauda 

equina.    The  nature  of  the 

growths   is  uncertain,  but 

they  were   probably  either 

sarcoma  or  glioma.  The  same 

tendency  to  morbid  growths 
is  illustrated  also  by  Fig,  168, 

which  is  similar  in  many  re- 
spects to  that  just  considered. 
In  this  case  also  there  was  a 
tumour  of  the  pons  and  one 
of  the  Cauda  equina,  and 
there  was  also  a  central 
growth  in  the  dorsal  region, 
occupying  the  greater  part  of 
the  area  of  the  cord,  to  which 
the  ascending  degenerations 
are  secondary.  In  a  there  is 
a  large  central  cavity  which 
is  probably  not  the  central 
canal,  since,  as  in  the  last 
figui'e,  the  position  of  this  is 
marked  by  the  oval  group  of 
nuclei  in  the  anterior  part  of 
the  grey  commissure.  The 

Fig.  168.— Syringomyelia,  from  a  case  in  which  there  were  tumours  in  the  dorsal 
region  of  the  cord,  the  cauda  equina,  and  the  pons  Varolii.  A,  mid-cervical  region. 
A  large  oval  cavity  lies  hehind  the  grey  commissure,  surrounded  by  a  narrow  wall, 
chiefly  composed  of  fine  fibres,  but  with  a  wavy  membrane  on  the  inner  surface! 
In  the  front  of  the  posterior  commissure  an  oval  group  of  nuclei  has  the  aspect  of 
an  obliterated  central  canal.    A  few  short  processes  extend  from  the  wall  of  the 
cavity  into  the  posterior  columns.    There  is  secondary  ascending  degeneration  of 
the  post.  med.  cols.,  right  direct  pyramidal  tract,  and  ascending  antero-lateral 
tract  in  all  the  sections.    B,  first  dorsal.    Behind  the  posterior  commissure  is  a 
growth  consisting  of  small  cells,  round  and  fusiform,  the  latter  with  round  nuclei. 
It  contains  many  vessels  with  thickened  walls.    A  fringe  of  fine  processes  extends 
from  it  into  the  posterior  columns.    An  irregular  cavity  occupies,  on  the  right 
side,  the  posterior  half  of  the  grey  matter,  which  is  reduced  to  a  narrow  layer 
around  the  cyst.    This  is  lined  by  a  delicate  nucleated  membrane,  outside  which 
is  a  thicker  membrane,  lying  in  folds,  the  section  of  which  is  thus  sinuous.  Out- 
side this  again  is  a  small-celled  growth  similar  to  that  behind  the  commissure. 
In  C,  a  little  lower,  this  cavity  is  smaller,  the  sinuosities  of  the  wall  greater,  and 
the  growth  outside  it  more  abundant,    (Still  lower  the  area  was  entirely  occupied 
by  the  growth.)    In  the  posterior  commissure  there  is  only  a  quantity  of  loose 
nucleated  tissue  in  the  situation  of  the  gi-owth.* 

*  For  the  opportunity  of  drawing  these  sections  I  am  indebted  to  Dr.  Dreschfeld. 
A  full  account  of  the  case  has  been  published  by  Dr.  Harris  iu  '  Brain,'  Jan.,  1886 
The  large  growths  were  sarcomata. 
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zone  of  tissue  which  bounds  it 
is  narrow,  but  a  few  processes 
are  given  off  behind.    In  b,  first 
dorsal,  this  tissue  forms  a  com- 
pact mass,  and  the  processes  are 
numerous  and  very  similar  to 
those  in  the  last  figure.    In  c, 
the  commissure  is  reduced  al- 
most to  normal  conditions.  In 
this  cord  we  have  also  an  in- 
stance of  the  fact  that  cavities 
may  occur  in  other  parts,  very 
similar  in  their  general  charac- 
ters to  those  that  occur  in  the 
central  region.     In  b,  a  large 
cavity  occupies  the  intermediate 
grey  matter  and  posterior  cornu 
on  tlie  right  side,  with  some 
morbid  tissue  bounding  it  on 
the  medial  side.  In  c,  the  cavity 
is  smaller  and  the  tissue  around 
it  is  more  abundant,  but  easily 
distinguishable  from  the  grey 
substance,  while  a  little  lower 
down  the  cavity  disappeared  and 
the  tissue  formed  a  compact 
rounded  mass.     The  cavity  is 
lined  by  a  delicate  layer  of  cel- 
lular membrane  ;  outside  this  is 
a  fibrous  membrane,  lying  in 
folds  which  appear  as  sinuosities 
in  the  section.    The  existence 
of  this  membrane  shows  that 
the  cavity  is  not  simply  formed 
by  the  breaking  down  of  the 
tissue.     The  tissue   is  quite 
similar  in  structure  to  that  which 
lies  behind  the  commissure  in  b.* 

*  In  connection  with  the  tumour  of 
the  Cauda  equina  in  these  two  cases,  it 
may  be  mentioned  that  the  same  co- 
incidence has  been  observed  in  other 


Fig-.  169. — Sections  of  a  spinal  cord  in  which  a  cavity  existed  throughout  its  length. 
Ha;morrhage  in  the  cervical  region  was  the  immediate  cause  of  death.  The  extra- 
vasation had  there  distended  the  cord  (A),  and  had  burst  into  the  cavity,  which 
was  filled  with  blood.  A  smaller  cavity  existed  in  the  right  cornu,  in  the  upper 
dorsal  region  (B).  In  most  parts  the  inner  surface  was  slightly  irregular,  as  if  pro- 
duced by  breaking  down  of  the  tissue,  but  near  the  position  of  the  central  canal  a 
sinuous  membrane  existed  in  places,  without,  however,  any  epithelial  covering. 
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Tlie  posterior  coriui  is  not  an  nncomiuon  seat  of  cavities,  whicli  may 
extend  through  the  whole  length  of  the  horn.  An  example  of  this  is 
shown  in  Fig.  169.  Hseinon-liage  had  occurred  into  the  cervical  region 
of  the  cord  (a),  which,  was  enlarged  and  distended  with  blood,  so  that  the 
precise  character  of  the  cavitj  in  this  region  was  indistinguishable  ;  the 
blood  also  filled  the  cavity  through  the  entire  length  of  the  cord.  In  the 
upper  dorsal  region  (b)  there  are  two  cavities,  one  in  each  posterior 
cornu,  but  that  on  the  right  ceased  a  little  lower  down,  while  the  other 
extended  to  the  lumbar  region,  as  shown  in  the  figure,  reaching  almost 
to  the  surface  of  the  cord.  The  upper  and  inner  extremity  of  this 
cavity  is  in  the  position  of  the  central  canal,  no  other  trace  of  which 
exists.  There  is  some  abnormal  tissue  in  the  neighbourhood  of  the 
commissure,  and  also  in  c,  irregular  tracts  pass  transversely  from 
the  median  septum  in  the  fore  part  of  the  posterior  columns.  The 
presence  of  this  tissue,  and  the  relation  to  the  central  canal,  suggests  a 
congenital  origin.  During  the  reduction  in  size  of  the  canal,  in  the 
development  of  the  cord,  the  cavity  presents  at  one  period  short  lateral 
processes  (compare  Fig.  171,  a),  and  we  can  therefore  understand  how 
a  still  earlier  arrest  of  development  may  lead  to  the  persistence  of  a 
lateral  process  on  one  side  or  both,  surrounded  by  persistent  embryonal 
tissue,  and  that  the  cavity  should  afterwards  extend  in  this  tissue  or 
in  the  grey  matter  by  a  process  of  disintegration  compare  Fig.  171,  d. 
A  comparison  with  this  figure  (b)  suggests  that  the  two  cavities  were 
united  in  the  middle  line  in  the  upper  part  of  the  cord,  in  which  the 
haemorrhage  took  place. 

In  the  conditions  we  have  hitherto  considered,  defijiite  limited  regions 
of  the  cord  have  been  involved  through  a  considerable  vertical  extent. 
The  changes  are  sometimes,  however,  much  more  diffuse  in  their  dis- 
tribution, as  is  shown  by  the  remarkable  lesions  represented  in  Fig. 
170.  In  this  cord,  which  is  that  of  an  adult,  we  have  a  combination 
of  the  same  two  conditions  of  abnormal  tissue  and  cavities.  Scattered 
through  the  nerve-substance  are  tracts  of  a  peculiar  tissue  represented 
by  the  darker  shading  of  the  figure,  and  in  many  regions  thus  affected 
there  are  cavities,  for  the  most  part  fissure  like,  as  if  the  cord  had  been 
split  here  and  there.  At  first  sight  the  appearance  suggests  an  active 
and  recent  morbid  process  ;  nevertheless,  I  think  that  the  congenital 
origin  of  the  condition  is  beyond  doubt.  It  will  be  observed  that  the 
morbid  changes,  hke  the  other  forms  of  syringomyelia,  are  chiefly  in 
the  posterior  half  of  the  cord  ;  small  areas  of  disease  in  the  anterior 
columns,  in  the  sections  e  and  f,  are  the  only  exceptions.  The  minute 
structure  of  the  abnormal  tissue  is  exactly  like  that  of  the  normal 
gelatinous  layer  beneath  the  pia  mater.  Besides  the  conspicuous  areas 
figured,  it  could  be  traced  here  and  there,  in  small  tracts,  through  the 

cases.  There  was  a  tumour  in  that  situation,  for  instance,  in  the  case  described  by 
Kiesinger,  who,  rightly  regarding  the  condition  as  congenital  in  origin,  suggests 
that  the  tumour  may  be  connected  with  the  fact  that  the  embryonal  cord  occupied 
the  entire  length  of  the  canal. 
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tissue,  and  no  nerve-fibres. 


whole  of  the  posterior  columns  and  the 
hinder  parts  of  the  lateral  columns, 
and  also  in  the  posterior  horns,  in  the 
V  .  J  grey  matter  of  which  it  could  be  readily 
distinguished.  The  relation  of  the 
cavities  to  this  substanoe  is  distinct; 
where  they  extend  beyond  it  this  is 
apparently  the  result  of  the  distension 
of  the  cavities  and  an  actual  Assuring 
of  the  cord,  along  the  lines  of  connective 
tissue,  by  the  pressure  of  the  effused 
liquid.  The  medial  cavity  in  c  is 
doubtless  due  to  defective  closure  of 
the  original  fissure  between  the  pos- 
te  rior  columns.  In  the  lumbar  region 
the  nerve-fibres  are  absent  from  the 
front  of  the  posterior  columns,  where 
a  coarse  network  of  this  residual  tissue 
encloses  empty  spaces. 

Symptoms. — In  many  cases  syringo- 
myelia is  discovered  after  death  when 
it  has  given  rise  to  no  symptoms  and 
its  existence  has  not  been  suspected 
during  life.  In  young  children  it  ap- 
pears never  to  cause  any  definite  sym- 
ptoms. In  adults,  however,  considerable 
disturbance  of  function  is  sometimes 

Tig.  170. — Cavities  in  the  spinal  cord.  A,  mid- 
cervical  ;  presenting  merely  some  increase  of 
connective  tissue  in  the  left  lateral  column. 
In  B  there  are  several  cavities  having  the 
aspect  of  distended  fissures,  the  largest  in  the 
middle  line  of  the  posterior  columns  and  the 
right  posterior  cornu;  smaller  ones  in  the 
lateral  columns.    Adjacent  to  each  is  a  quan- 
tity of  dense  tissue,  which  had  a  peculiar  and 
uniform  structure.    It  consisted  of  a  very 
fine  network  of  fibres  with  minute  nuclear 
bodies  in  the  interstices.    No  larger  cells 
could  be  seen.  Throughout  the  posterior  and 
lateral  columns  this  tissue  could  be  seen,  here 
and  there,  thickening  the  neuroglia,  where 
no  conspicuous  masses  were  formed.  It  could 
also  be  traced  in  the  posterior  cornu,  and  was 
readily  distinguished  from  the  spongy  sub- 
stance by  its  slighter  staining.    The  distri- 
bution of  this  tissue  is  shown  in  the  other 
sections  by  the  darker  shading.    In  C  the 
fissure  in  the  middle  line  is  narrow.    In  E 
and  P  the  anterior  part  of  the  posterior 
columns  contained  a  coarse  network  of  tliis 
The  central  canal  was  obliterated,  but  the  group  of 


nuclei  that  marked  its  position  could  be  traced  tliroughout  the  cord. 
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produced.  In  some  cases  the  growths,  which  often  coexist  and  which 
probably  start  from  the  residual  tissue,  may  cause  the  symptoms  of 
tumour.  These  are  often  not  characteristic,  on  account  of  the  central 
position  "of  the  growth;  .the  irritation  of  the  nerve- roots  is  commonly 
absent.  In  other  cases  the  distension  of  a  central  cavity  may  cause 
such  compression  of  the  white  columns  and  grey  matter  as  leads  to 
definite  disturbance  of  function. 

Siich.  disturbance  generally  involves  the  central  functions  of  the 
cervical  enlargement  of  the  cord,  because  it  is  in  this  region  that  the 
cavities  attain  their  largest  size,  and  the  nerve-elements  of  the  cord 
suffer  in  greatest  degree.    The  grey  matter  is  often  especially  damaged 
by  pressure,  and  hence  muscular  atrophy  is  one  of  the  most  con- 
spicuous of  the  symptoms  that  are  produced.    With  it  is  usually 
associated  loss  of  sensibility,  due  to  the  damage  to  the  posterior  grey 
matter  and  nerve-roots.    The  wasting  resembles  in  its  characters  that 
of  progressive  muscular  atrophy ;  the  muscles  of  the  shoulders  and 
back  have  suffered  more  frequently  than  those  of  the  forearm  and 
hand.    The  cutaneous  anaesthesia  usually  involves  the  same  region  as 
the  muscular  wasting,  but  extends  beyond  the  limits  of  the  latter, 
and  may  involve,  for  instance,  the  forearms  and  hands,  while  the 
atrophy  is  limited  to  the  shoulders  and  upper  arms.    Pain  is  not 
usually  a  prominent  symptom.    The  conducting  functions  of  the  cord 
are  also  involved  in  some  degree,  but  often  much  less  than  the  central 
functions,  so  that  there  is  merely  slight  weakness  of  the  legs  when 
there  is  considerable  atrophy  in  the  arms.    In  other  cases,  however, 
the  paralysis  of  the  legs  has  been  considerable,  and  there  have  been 
muscular  contractions  in  the  unwasted  parts.     The  sphincters  are 
often  involved,  and  trophic  changes  in  the  skin  are  frequent,  and 
occasionally  are  severe.    When  disturbance  of  the  central  functions 
has  developed,  the  disease  usually  runs  a  progressive  course  and 
terminates  in  death  at  the  end  of  two  or  three  years. 

Even  when  well-marked  symptoms  have  been  present,  they  have  so 
far  resembled  those  of  other  more  common  maladies,  that  the  lesion 
has  been  seldom  suspected  during  life.  The  combination  of  atrophy 
with  more  extensive  anaesthesia,  in  the  absence  of  considerable  pain, 
would  justify  a  suspicion  of  the  disease.  Pachymeningitis,  which  also 
causes  muscular  wasting  and  sensory  loss,  is  usually  attended  with  a 
considerable  amount  of  pain  in  the  affected  region,  and  the  anaesthesia 
is  not  more  extensive,  and  is  usually  less  extensive,  than  the  muscular 
wasting.  It  is  not  likely  that  any  treatment  can  influence  the  morbid 
process. 

Spina  Bifida. 

Spina  Bifida  depends  on  a  defect  in  the  closure  of  the  vertebral 
arches.  It  is  most  common  in  the  lumbar  region  of  the  spine ;  some- 
times is  present  at  more  than  one  place,  very  rarely  in  the  whole  length 
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of  the  vertebral  column.  It  is  present  in  about  one  cliild  out  of  every 
thousand  born  (Cliaussier).  The  spinal  cord  is  sometimes  normal, 
although  the  fluid  outside  it  is  greatly  increased  in  quantity,  and 
distends  the  external  sac.  The  cord,  however,  generally  reaches  to 
the  lower  extremity  of  the  vertebral  canal,  as  it  does  at  an  early  period 
of  development,  being  kept  adherent  at  its  lower  extremity  by  the 
morbid  process.  In  many  cases  the  central  canal  of  the  cord  is 
enlarged,  and  the  lower  part  of  the  cord  may  be  distended  in  what  has 
been  termed  "  internal  hydrorrhachis."  In  this  condition  the  central 
cavity  may  be  closed  in  behind  by  a  very  thin  layer  of  nerve-substance. 
More  frequently,  however,  the  cord  is  the  seat  of  a  developmental 
defect  similar  to  that  of  the  bony  canal.  In  the  lumbar  region  the 
primitive  canal  has  failed  to  close,  so  that  the  cord  is  open  posteriorly, 
and  the  two  posterior  columns  may  even  be  far  apart,  so  that  the 
cord  has  the  form  of  a  thick  lamina  in  the  anterior  wall  of  the  sac. 

An  example  of  this  condition  is  shown  in  Fig,  171,  which  illustrates 
also  another  fact  of  the  disease,  viz.  that  some  developmental  defect  is 
often  present  in  other  parts  of  the  cord.  In  the  cervical  region  the  grey 
commissure  is  unusually  large,  and  the  canal  is  cruciform,  a  shape 
which  it  presents  at  one  period  of  development,-  and  which  is  here  per- 
sistent. This  condition  obtains  throughout  the  dorsal  region  until, 
in  the  lower  part,  the  tissue  behind  the  commissure  is  so  abundant  as 
to  unite  the  necks  of  the  posterior  horns.  Below  this  the  canal  enlarges 
into  a  condition  of  syringomyelia,  surrounded  by  the  abnormal  tissue, 
which,  as  we  have  seen,  is  constantly  associated  with  enlargement ; 
the  canal  is  limited,  moreover,  by  the  sinuous  membrane  that  is  so 
often  met  with.  The  cavity  extends  also  into  the  posterior  horns, 
clearly  by  a  process  of  disintegration,  since  in  d  the  membrane  lining 
the  enlarged  canal  persists  and  marks  the  limit  of  the  canal  and  the 
extent  of  the  simple  disintegration.  The  progressive  separation  of 
the  posterior  columns  is  shown  in  f,  g,  and.  h.    In  the  lowest  part 

Fig.  I7l. — Spina  bifida :  sections  of  a  spinal  cord.  In  A,  cervical  region,  tlie  only 
abnormality  is  a  large  cruciform  central  canal  and  an  unusually  deep  grey  com- 
missure. This  continued  through  the  dorsal  region,  at  the  lowest  part  of  which 
a  gre.it  change  occurred.  In  B  the  canal  is  larger,  and  the  necks  of  the  posterior 
horns  (and  posterior  vesicular  columns)  are  united  by  much  commissural  tissue  j 
in  this  many  vertical  fibres  could  be  seen,  and  fibres  ran  from  before  backwards 
in  the  middle  line.  In  C  an  extension  of  the  canal  backwards  has  taken  place, 
and  it  is  bounded  by  a  sinuous  membrane.  The  outer  part  of  the  grey  substance 
is  atrophied.  In  D  the  cavity  has  extended  into  each  posterior  horn  almost  up  to 
the  surface  of  the  cord,  in  part  by  a  breaking  down  of  tissue,  because  the  mem- 
brane limiting  the  enlarged  canal  remains  undestroyed.  In  E,  still  at  the  junction 
of  the  dorsal  and  lumbar  region,  the  cavity  has  receded  from  the  left  born.  In 
F  the  division  of  the  cord  has  taken  place,  not  in  the  direction  of  the  cavity  in  the 
horn  (which  is  filled  up),  but  in  the  middle  line,  at,  or  close  to  the  median 
septum.  In  G  a  wider  separation  of  the  posterior  columns  has  taken  place,  and  a 
cavity  has  formed  on  the  right  side,  which  extends  into  the  liorn,  and  almost 
separates  the  posterior  column.  In  H  the  cord  is  spread  out  and  formed  part  of 
the  wall  of  the  sac.  The  posterior  nerve-roots  (p  r)  mark  the  position  at  which 
the  posterior  horn  comes  to  the  surface.  The  grey  matter  is  in  many  parts  atro- 
phied and  translucent,  and  in  H  contains  many  large  vessels.  The  septal  lobula- 
tion on  the  surface  of  the  cord  is  greater  tlian  normal. 


SPINA  BIFIDA. 


445 
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Of  the  cord  the  development  of  the  posterior  columns  has  been  appa- 
rently hindered,  as  will  he  observed  if  a  be  compared  with  f.  In  the 
former  there  are  also  some  fissures  in  the  grey  substance,  also  formed 
apparently  by  disintegration.  The  grey  substance  of  the  cord  is  con- 
spicuously wasted  in  the  lumbar  region,  thin  and  translucent. 

In  cases  of  spina  bifida  in  which  the  cord  is  normal  there  are  com- 
monly  no  symptoms.  When  the  central  cavity  is  large,  and  the  lower 
part  of  the  cord  is  greatly  distended,  or  when,  as  in  the  case  figured, 
the  cord  shares  the  defect  of  union,  there  is  frequently  paralysis  of 
the  legs  and  siDhincters,  often  with  muscular  atrophy,  which  is  ex- 
plained by  the  wasting  of  the  grey  matter.  Occasionally  the  child 
has  been  unable  to  stand,  although  the  legs  have  been  neither  wasted 
nor  weak ;  perhaps  the  inability  in  this  latter  case  has  been  due  to  the 
arrested  development  of  the  posterior  columns. 

The  treatment  of  spina  bifida  is  purely  surgical. 


TEAUMATIC  LESIONS  OF  THE  SPINAL  CORD. 

Causes.— In  fractures  and  dislocations  of  the  spine,  the  cord  gene- 
rally suffers  compression  or  laceration,  as  already  described  in  the 
chapter  on  injuries  of  the  vertebral  column.  The  cord  may  also  be 
directly  wounded  by  stabs  and  gunshot  injuries,  in  which  it  may  be 
divided,  completely  or  partially.  Such  injuries  furnish  a  considerable 
proportion  of  the  cases  of  unilateral  lesion  of  the  cord.  In  gunshot 
wounds  the  cord  more  often  suffers  from  displaced  fragments  of  bone 
than  from  the  ball  itself. 

Par  more  common  than  direct  injury  is  damage  to  the  cord  by  con- 
cussion of  the  spine,  either  local  or  general.  Gunshot  wounds  occa- 
sionally furnish  examples  of  local  concussion  ;  a  bullet  may  strike  the 
spinal  column,  and  lodge  in  its  vicinity,  with  the  effect  of  causing 
immediate  paraplegia,  as  complete  as  if  the  cord  were  divided,  and  yet 
it  may  be  found  that  the  spinal  column  has  not  been  injured,  and  the 
cord  is  merely  softened  at  the  spot.  Other  causes  of  concussion  are 
the  fall  of  heavy  bodies  on  the  back,  such  as  a  beam  of  timber  or  a 
sack  of  corn,  a  blow  on  the  back  from  some  blunt  weapon,  a  fall 
upon  the  back,  either  on  a  flat  surface  or  on  some  projecting  object. 
Less  frequently  the  cord  suffers  from  a  general  concussion  of  the 
body,  in  which  the  spinal  column  is  not  specially  involved.  The 
cervical  region  is  occasionally  damaged  in  falls  on  the  head.  Eailway 
accidents  are  frequent  causes  of  concussion  of  the  spinal  cord  ;  the 
back  being  struck  with  violence  when  the  body  is  thrown  from  one 
side  of  the  carriage  to  the  other.  Another  common  cause  is  a  fall 
from  a  horse  upon  the  back,  or  a  fall  downstairs,  in  which  the  spinal 
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column  is  bumped  against  the  edges  of  the  steps.  Occasionally  effects 
very  similar  to  those  which  are  produced  by  a  blow  on  the  spine,  are 
caused  by  a  sudden  contraction  of  the  spinal  muscles  in  some  violent 
effort,  a  "  rick  of  the  back  "  as  it  is  jDopularly  termed.  It  is  possible 
that,  in  such  cases,  the  primary  damage  is  sometimes  to  the  vertebral 
ligaments  and  articulations,  and  that  the  cord  suffers  secondarily. 

Pathology. — The  anatomical  lesions,  in  cases  in  which  the  vertebral 
column  is  not  injured,  vary  much  in  different  cases.    Haemorrhage  is 
often  found,  sometimes  outside  the  dura  mater,  sometimes  on  the 
inner  surface  of  the  membrane,  in  the  pia  mater,  or  in  the  substance 
of  the  cord  itself.    Occasionally  the  substance  of  the  cord  has  been 
found  lacerated  when  the  vertebral  column  has  not  been  injured. 
In  many  cases  there  is  local  softening,  commonly  yellow  in  tint, 
sometimes  mingled  with  red,  often  involving  the  whole  thickness 
of  the  cord,  and  occasionally  extending,  as  central  softening,  through  a 
considerable  vertical  extent.    Under  the  microscope,  the  usual  pro- 
ducts of  degeneration  are  seen,  sometimes  with  hsematoidin  crystals. 
Such  softening  may  occur  rapidly  in  severe  local  concussion,  and  be 
found  complete  a  few  weeks,  or  even  a  few  days  after  the  injury.* 
On  the  other  hand,  in  some  cases  of  complete  paralysis,  no  lesion  of 
the  cord  has  been  found,  either  with  the  naked  eye  or  the  microscope, 
a  few  days  after  the  injury. f    In  other  instances,  in  which  the  cord 
is  examined  some  weeks  or  months  after  the  accident,  the  signs  of 
chronic  myelitis  are  found,  in  scattered  foci  or  more  diffuse  tracts,  in 
the  white  columns  or  grey  substance.    The  nerve-fibres  are  wasted, 
and  the  connective-tissue  elements  are  increased  in  quantity,  and,  in 
the  early  stages,  there  may  be  a  leucocytal  infiltration  about  the 
vessels,  dilatation  of  the  capillaries,  and  often  minute  extravasations, 
although  none  were  visible  to  the  naked  eye.    In  the  anterior  cornua, 
the  motor  nerve-cells  may  be  damaged,  sometimes  swollen  and  vacuo- 
lated, or  shrunken,  and  the  anterior  root-fibres  may  be  degenerated. 
The  grey  matter  is  especially  apt  to  suffer  when  the  enlargements  are 
injured  ;  in  the  dorsal  region  the  change  may  be  confined  to  the  white 
columns.    The  usual  ascending  and  descending  degenerations  may  be 
found  above  and  below  the  most  damaged  parts.    Occasionally  there 
are  indications  of  meningitis,  diffuse  or  disseminated,  and  sometimes 
confined  to  the  dura  mater. 

Symptoms. — The  effects,  immediate  and  remote,  of  injuries  of  the 
spinal  cord  extend  over  almost  the  whole  range  of  symptoms  of  cord 
disease,  and  their  variations  in  character  and  course  are  almost  infinite. 

*  Edmunds,  '  Brain,'  vol.  vii,  p.  103  ;  Obersteiner,  '  Wien.  Med.  Jalirb.,'  Bd.  iii, 
1879;  Lochner,  '  Bayer. /evztlich.  Infc.-bl.,'  1875,  No.  42;  Fromiiller,  '  Memorabilien,' 
1870,  No.  12.  In  the  last,  described  further  on,  softening  was  found  thirty-two 
hours  after  tlie  injury. 

t  Fischer,  'Deut.  Zeitschr.  f.  Chirurg.,'  1883,  Bd.  xix. 
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It  is  therefore  neither  practicable  nor  necessary  to  do  more,  in  this 
place,  than  to  describe  their  general  characters.  According  to  the 
differences  in  course,  we  may  divide  tliem  into  three  classes.  (1) 
Those  in  which  the  injury  causes  immediate  and  severe  paralysis. 
(2)  Those  in  which  there  are  at  first  either  no  symptoms  or  only  trifling 
disturbance  of  function,  but  in  which  grave  symptoms  come  on  a  few 
days  or  weeks  after  the  injury.  (3)  Those  in  which  there  are  no  early 
symptoms,  or  only  slight  and  transient  disturbance,  but  at  the  end  of 
one  or  several  months  symptoms  gradually  come  on,  often  such  as 
indicate  disease  of  some  definite  system  of  structure  of  the  cord, 
degenerative  in  nature. 

The  first  class,  in  which  the  injury  causes  instant  and  considerable 
disturbance  of  function,  includes  the  cases  in  which  the  cord  is  directly 
injured,  and  also  some  in  which  there  is  no  visible  sign  of  damage  if 
the  patient  dies  within  a  few  days.  In  the  latter,  the  mechanical 
influence  has  apparently  abolished  the  function  of  the  nerve-elements. 
It  is  probable  that,  if  such  patients  lived  longer,  either  quick  recovery 
or  local  softening  would  follow.  It  is  an  interesting  fact  that  concus- 
sion may  thus  derange  function.  The  absolute  integrity  of  structure 
on  microscopical  examination  shows  that  the  result  is  not  due  to  any 
minute  vascular  lesion.  The  effect  has  been  compared  by  Reynolds, 
not  inaptly,  to  the  demagnetisation  of  iron  by  a  blow.  Doubtless  the 
influence  is  exerted  on  the  molecular  nutrition  of  the  nerve-elements, 
and  the  possibility  of  recovery,  or  the  subsequent  structural  disinte- 
gration, depends  upon  the  degree  of  nutritional  damage. 

The  symptoms  in  these  cases  of  severe  and  immediate  effect  are 
generally  those  of  complete  impairment  of  function.  When  the  injury 
is  direct  and  partial,  such  as  a  hemisection  by  an  incised  wound,  or  a 
partial  bruise  of  the  cord  by  a  spiculum  of  bone  bemg  di-iven  against 
it  (as  in  the  case  mentioned  at  p.  132),  the  effect  may  be  a  partial 
(e.  g.  one-sided)  derangement  of  function,  but  in  most  other  cases 
there  is  abolition  of  all  the  conducting  functions  at  the  level  of  the 
injury.  There  is  complete  paraplegia,  motor  and  sensory,  with  loss 
of  power  over  the  sphincters.  The  symptoms  are  thus  those  of  a 
total  transverse  lesion  at  the  affected  level  (see  p.  154).  Loss  of  con- 
sciousness is  occasionally  produced  by  an  injury  which  does  not 
directly  involve  the  head,  and  vomiting  is  very  common  at  the  outset. 
The  cases  of  direct  injury  often  run  a  severe  and  rapid  course ;  the 
tendency  to  trophic  changes  in  the  skin,  and  to  the  occurrence  of 
cystitis  and  pyelo-nephritis,  is  very  great.  (Edema  of  vaso-motor  origin, 
and  effusion  into  joints,  may  be  present  in  the  early  stage.  If  the 
cord  has  been  directly  injured  in  its  whole  thickness  survival  beyond 
a  fortnight  is  rare.  If  the  cord  is  damaged  indirectly,  with  secondary 
softening — in  what  may  be  termed  concussion-myelitis — death  occurs 
less  rapidly,  but  many  patients  die  at  the  end  of  four  or  six  weeks, 
while  in  those  who  survive  the  first  two  months  slow  recovery 
commonly  occurs.    Even  in  such  cases  death  sometimes  occurs  very 
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quickly,  but  it  is  j^ossible  that  there  is  then  a  laceration  of  the  cord.  A 
man,  whose  case  has  been  recorded  by  Fromiiller,  was  struck  on  the 
back,  at  the  level  of  the  third  dorsal,  by  a  heavy  beam,  and  had  loss 
of  motion  and  sensation  up  to  the  level  of  the  nipples.  The  palsy  of 
the  muscles  of  respiration  increased,  and  he  died  from  asphyxia  at  the 
end  of  thirty-two  hours.  At  the  spot  struck  the  cord  was  reduced 
to  a  pulp  for  Si  cm.,  without  any  hsemorrhage. 

In  cases  of  the  second  class,  initial  symptoms  are  absent  or  slight. 
After  the  accident,  the  sufferer  may  not  imagine  himself  injured,  may 
be  able  to  walk  some  distance  without  inconvenience.    In  other 
instances  there  is  tingling  in  the  legs,  or  in  all  the  limbs,  immediately 
after  the  concussion,  sometimes  with  some  weakness  of  the  limbs, 
more  often  with  a  feeling  of  stiffness.    In  the  course  of  a  few  days 
graver  symptoms  come  on,  usually  attended  with  spinal  pain  and 
tenderness,  sometimes  with  some  stiffness  of  the  back,  and  often  with 
pyi-exia.    Tingling  in  the  limbs  increases  or  develops,  and  is  accom- 
panied by  weakness,  which  often  goes  on  to  complete  paralysis  in  the 
course  of  a  week  or  fortnight.    Sometimes  there  is  also  loss  of  sensa- 
tion,  but  less  commonly  than  in  the  cases  in  which  the  symptoms  come 
on  immediately.    There  is  often  pain  in  the  limbs,  and  sometimes 
hyperaesthesia.    The  symptoms  vary  in  their  character  and  distribu- 
tion, according  to  the  position  of  the  morbid  process  and  its  extent. 
In  some  cases,  in  which  the  dorsal  region  is  most  affected,  the  sym- 
ptoms are  those  of  simple  paraplegia,  usually  with  spasm,  and  some- 
times  with  early  contraction  of  the  muscles.    In  other  cases,  in  which 
the  grey  matter  of  the  enlargements  suffers,  there  is  scattered  mus- 
cular atrophy  in  the  limbs,  often  with  indications  of  the  degenerative 
reaction.    Tremor  in  the  limbs  is  a  conspicuous  symptom  in  some 
cases.    A  girdle-pain,  or  sense  of  constriction  in  the  limbs,  is  very 
common.    The  sphincters  generally  suffer,  and  the  tendency  to  trophic 
changes  is  usually  strong.    The  character  and  course  of  the  symptoms 
18  that  of  a  subacute  myelitis,  and  the  meagre  facts  of  morbid 
anatomy  leave  no  doubt  that  this  is  the  common  lesion.    Thus  a  lady 
was  severely  shaken  in  a  railway  collision.    She  seemed,  immediately 
after  the  accident,  to  have  suffered  no  injury,  but  in  a  few  days  para- 
plegia developed,  and  from  its  consequences  she  died  six  weeks  after 
the  accident.    Throughout  the  dorsal  region  of  the  cord,  I  found  indi- 
cations of  subacute  myelitis,  chiefly  in  the  white  columns,  varying  in 
Its  extent  m  different  regions,  but,  in  most  parts,  considerable  in  the 
pyramidal  tracts.    The  symptoms  in  these  cases  are  sometimes  uni- 
lateral.   A  man,  driving  under  a  low  archway,  leaned  back  to  save 
his  head,  and  pressed  his  spine  suddenly  against  the  sharp  edge  of  the 
seat  back     He  felt  but  little  immediate  effect,  but  in  the  course  of  two 
or  three  days  complete  motor  palsy  of  the  left  leg  came  on,  accom- 
panied by  hypertesthesia,  but  without  any  loss  of  sensation  either  in 
that  leg  or  in  the  other.    Power  began  slowly  to  return  at  the  end 
ot  three  months.    Again,  a  clergyman  was  thrown  from  his  horse. 
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and  there  was  immediately  sufficient  weakness  of  the  legs  to  prevent 
hun  from  walking ;  this  subsequently  increased,  so  that,  at  the  end 
of  a  fortnight  the  right  leg  was  completely  paralysed,  while  the  left 
retained  considerable  power.  There  was  a  girdle-pain  at  the  level  of 
the  umbilicus,  and  a  bedsore  formed,  but  he  slowly  improved,  and 
regained  the  power  of  standing  at  the  end  of  eight  mouths. 

When  the  damage  involves  the  grey  matter,  the  extent  of  the 
muscular  wasting  varies  greatly.  It  seldom  affects  both  arms  and 
legs,  but  it  is  usually  irregular  in  distribution,  sometimes  widespread, 
sometimes  limited.  Thus  a  young  man  fell  from  a  horse  and  pitched 
on  the  head.  He  was  stunned,  and  on  recovering  consciousness  about 
two  hours  later,  felt  "pins  and  needles"  in  both  hands,  and  pain  in 
the  back,  followed  by  swelling  of  the  neck  and  difficulty  in  moving  it. 
The  tingling  ceased,  but  was  followed  by  a  sense  of  oppression  about 
the  shoulders,  and  persistent  pain  in  the  cervical  region  of  the  spine. 
When  I  saw  him,  two  months  later,  there  was  some  weakness  of  the 
right  arm  and  wasting  of  the  two  outer  interossei  and  of  that  part  of 
the  long  extensor  which  acts  on  the  two  outer  fingers,  with  loss  of 
faradaic  and  preservation  of  voltaic  irritability. 

In  cases  which  survive  the  acute  stage,  there  is  usually  slow  improve- 
ment which  is  often  ultimately  very  great.  In  many  cases  recovery 
is  incomplete,  but  improvement  goes  on  for  years,  and  the  ultimate 
degree  attained  is  commonly  much  greater  than  in  cases  of  corre- 
sponding character  and  severity  due  to  other  causes  than  injury.  But 
some  permanent  symptoms  are  often  left  when  the  initial  derangement 
of  function  has  been  severe,  and  has  lasted  for  some  time.  Thus  a 
heavy  weight  fell  upon  a  man's  back ;  he  was  unconscious  for  two 
days,  and  at  the  end  of  that  time  the  legs  were  completely  paralysed, 
and  continued  so  for  three  months,  with  retention  of  urine.  Then 
improvement  commenced,  in  the  left  leg  before  the  right,  and  in  the 
latter  some  spasm  developed.  At  the  end  of  six  months  he  could  walk 
across  the  room  on  crutches.  Improvement  continued,  but  at  the  end 
of  two  years  his  condition  became  stationary,  and  when  I  saw  him, 
six  years  after  the  accident,  he  could  only  walk  half  a  mile ;  the  right 
leg  was  still  weak  in  all  parts,  and  a  foot-clonus  was  present  in  each 
leg,  greater  in  the  right  than  in  the  left. 

In  the  cases  of  the  third  class,  chronic  symptoms  slowly  follow  an 
injury  at  an  interval  usually  of  some  months,  and  the  cases  have  the 
aspect  less  of  a  traumatic  lesion  of  the  cord,  than  of  a  primary  cord 
disease,  the  relation  of  which  to  the  injury  is  rather  an  inference  from 
the  sequence,  coupled  with  the  absence  of  other  causes,  than  an  ob- 
trusive fact,  as  in  the  cases  of  the  first  and  second  classes.  The  sym- 
ptoms are  usually  those  of  a  definite  system-disease  of  the  cord,  less 
frequently  those  of  a  disseminated  chronic  myelitis  of  irregular  dis- 
tribution. Primary  spastic  jiaraplegia,  locomotor  ataxy,  and  progres- 
sive muscular  atrophy,  are  the  diseases  which  most  frequently  thus 
result.    The  fact  that  an  injury  is  occasionally  the  cause  of  these 
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maladies  has  been  ah-eady  mentioned  in  the  account  of  their  etiology, 
and  the  symj)toms  of  such  cases  so  far  resemble  those  that  are  due  to 
other  causes  that  it  is  not  necessary  here  to  add  anything  to  their 
history  as  already  given.  We  must  assume  that  the  shock  to  the 
nerve- elements  causes  a  slow  perversion  of  nutrition,  which  is  only 
manifested  by  disturbance  of  function  when  it  has  gradually  attained 
a  certain  degree.  Occasionally  other  causes  co-operate,  producing 
a  tendency  to  degeneration.  Thus  previous  syphilis,  or  neurotic 
inheritance,  can  sometimes  be  traced,  and  it  is  a  reasonable  assump- 
tion that  the  predisposition  thus  arising  may  assist  in  rendering  the 
traumatic  influence  efficient,  or  in  augmenting  its  eff'ects. 

The  consequences  of  concussion,  which  we  have  considered  as  oc- 
curring in  separate  form,  are  also  sometimes  combined.    Thus  an 
actual  and  immediate  lesion  of  the  cord  may  be  combined  with  an 
early  and  severe  increase  in  the  symptoms  from  the  development  of  sub- 
acute myelitis  in  other  parts.    The  traumatic  inflammation  at  the  spot 
injured  often  attains  an  intense  degree,  and  runs  a  severe  course,  in 
consequence  of  the  influence  which  may  give  rise  to  such  inflammation 
apart  from  a  positive  lesion ;  and,  in  both  cases,  the  damage  to  the 
cord  may  be  perpetuated  by  a  degenerative  tendency,  aided,  in  many 
cases,  by  the  additional  predisposition  just  mentioned.    It  is  very 
common,  for  instance,  for  an  injury  to  the  cord,  in  those  who  have 
had  syphilis,  to  cause  acute  symptoms  which  subside,  but  not  per- 
fectly, and  the  residual  disturbance  of  function  may  persist,  and  even 
mcrease  in  the  course  of  years,  in  consequence  of  the  degenerative 
tendency. 

One  other  symptom  remains  to  he  considered,  which  is  common  to 
all  forms  of  traumatic  lesion  of  the  cord,  and  is  often  severe  and  per- 
sistent when  other  symptoms  are  slight,— spinal  pain.    It  may  con- 
tmue  for  years  after  other  symptoms  have  ceased,  and  probably 
depends  on  a  neuralgic  state  of  the  nerves  of  the  membranes,  or  of 
those  of  the  vertebral  column.    Often,  probably,  the  pain  depends  on 
the  nerves  of  the  joints  and  ligaments  of  the  spine.    It  thus  appears 
to  be  essentially  a  traumatic  spinal  neuralgia.    The  pain  may  be  felt 
at  one  or  more  spots;  when  severe,  it  often  extends  through  a  con- 
siderable length  of  the  spine,  and  sometimes  passes  up  to  the  occiput. 
It  is  occasionally  referred  to  the  sacrum,  and  may  there  have  the 
character  of  a  sense  of  weight  or  more  vague  discomfort.    The  pain  is 
associated  with  tenderness  of  the  spine,  usually  deep-seated,  chiefly 
developed  at  the  injured  part,  but  sometimes  present  also  at  other 
spots. 

The  cause  of  traumatic  lesions  of  the  cord  often  acts  also  on  the 
brain.  A  cerebral  lesion  may  occur  from  the  violence  which  afCects 
the  cord,  and  cerebral  symptoms  then  coexist  with  those  of  the 
spinal  lesion,  and  may  mask  the  latter  during  the  early  stage.  More 
common,  however,  is  functional  disturbance  of  the  brain,  the  result 
partly,  perhaps,  of  the  physical  concussion,  but  chiefly  of  the  mental 
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shock,  which  a  serious  accident  necessarily  causes.    The  resulting 
condition  is  favorable  to  the  development  and  persistence  of  sub- 
jective sensory  symptoms.    Attention,  maintained  by  concern,  has  a 
powerful  intensifying  influence  on  all  forms  of  nerve-pain,  and  cer- 
tainly aids  in  keeping  up  the  pain  in  the  back,  and  even  the  local 
tenderness,  which  follows  injuries  to  the  spine.    So  marked  is  the  in- 
fluence of  "nervousness"  on  the  subjective  symptoms,  that  it  has 
been  even  maintained  that,  in  a  large  number  of  cases  of  concussion  of 
the  spine,  the  symptoms  are  of  hysterical  origin.  *   "  Hypochondriasis  " 
would,  perhaps,  be  a  more  accurate  designation  for  the  condition  in 
most  cases  in  which  mental  influence  plays  a  distinct  part  in  the 
development  or  maintenance  of  the  symptoms.    But,  on  the  other 
hand,  it  is  necessary  to  avoid  the  danger  of  over-estimating  the  effect 
of  mental  influence,  and  of  regarding  as  entirely  due  to  this,  symptoms 
which  are  real,  and  are  merely  intensified  by  attention.    The  danger 
is  especially  great  in  cases  of  railway  injuries,  concerning  which  an 
unbiassed  judgment  is  not  easy  to  secure,  and  in  which,  when  ob- 
jective symptoms  are  absent,  it  is  easy  to  minimise  suffering,  and 
attribute  too  much  to  the  mental  condition.    The  sinister  influence  of 
litigation  on  the  intellect  may  be  traced  very  widely.    I  believe  that 
it  is  rare  for  symptoms  to  be  purely  mental.    It  is  often  asserted  by 
those  employed  for  railway  companies,  that  subjective  symptoms 
quickly  subside  when  the  sufferer's  "  claims  "  are  settled,  but  in  a  good 
many  individuals  whom  I  have  had  an  opportunity  of  observing  long 
after  they  had  received  their  "  damages  "  (as  the  expression  curiously 
runs)  this  subsidence  had  not  occurred,  and  even  the  "sovereign 
balm"  of  substantial  compensation  has  appeared  to  do  very  little  for 
the  relief  of  the  sufferer. 


Diagnosis.— The  chief  points  in  the  diagnosis  of  traumatic  lesion 
to  the  cord  have  been  already  incidentally  considered.  Immediate 
symptoms  may  be  dme  to  laceration,  haemorrhage,  or  to  simple 
concussion,  and  the  .diagnosis  between  these  is  not  always  possible  at 
first.  If  there  are  immediate  symptoms  of  a  partial  lesion,  these 
indicate  direct  injury,  while  the  rapid  subsidence  of  the  disturbance 
of  function  renders  simple  concussion  probable,  and  excludes  any 
considerable  direct  injury.  The  later  development  of  paralysis  in- 
dicates myelitis,  unless  there  is  evidence  of  considerable  irritation  of 
the  nerve-roots  at  a  certain  level,  which  suggests  inflammation  outside 
the  cord,  and  perhaps  even  outside  the  dura  mater.  The  greatest 
diagnostic  difficulty  is  presented  by  the  cases  just  mentioned,  in  which 
the  symptoms  are  subjective,  and  anxious  attention  has  been  long 
given  to  the  local  discomfort.  It  is  important  to  search  for,  and  to 
give  due  weight  to,  any  symptoms  beyond  the  simple  spinal  pain. 
Slight  "tingling"  or  "creeping"  sensations  may  be  of  purely  func- 
tional origin,  but  a  persistent  sensation  of  "pins  and  needles  "  rarely 
*  Putnam,  '  Boston  Med.  and  Surgical  Journal,'  1883,  Sept.  6th. 
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is  of  that  natiare.  A  definite  sense  of  constriction  is  also  strongly 
suggestive  of  organic  disease,  and  so  is  a  well-marked  difference  in 
the  power  of  the  muscles  on  the  two  sides.  The  latter  is  of  least 
significance  if  the  excess  is  slight,  general,  and  on  the  right  side,— of 
much  greater  significance  if  the  diminution  is  partial,  and  affects 
only  certain  groups  of  muscles,  such  as  the  flexors  of  the  hip  and 
knee,  or  the  peronei.  Any  impairment  of  power  over  the  bladder  or 
rectum  is  of  great  diagnostic  importance  ;  loss  of  sexual  power,  on  the 
other  hand,  is  of  little  value,  since  this  function  is  readily  depressed 
by  mental  anxiety  and  preoccupation.  A  slight  change  in  reflex  action  is 
most  significant  when  it  is  partial.  A  foot-clonus,  or  rectus-clonus, 
is  strong  presumptive  evidence  of  organic  mischief ;  a  slight  excess  of 
the  knee-jerk  is  of  little  value ;  although  it  probably  always  indicates 
some  changes  in  the  nutrition  of  the  spinal  cord,  it  does  not  render 
structural  disease  even  probable.  In  all  cases  it  should  be  remem- 
bered that  the  absence  of  any  common  symptom  is  of  far  slighter 
significance,  as  evidence  of  integrity  of  the  cord,  than  is  the  presence 
of  that  symptom  as  evidence  of  disease.  It  may  seem  superfluous  to 
insist  on  a  consideration  so  elementary,  but  it  is  still  possible,  as 
experience  proves,  for  a  medical  witness  to  assert  in  a  court  of  law 
that  a  claimant's  spinal  cord  cannot  have  been  injured  because  his 
legs  are  not  wasted. 

Prognosis. — Immediately  after  an  accident  a  cautious  prognosis 
should  be  given,  even  if  the  symptoms  are  slight,  on  account  of  the 
possibility  that  grave  disturbance  may  develop  in  the  course  of  a  few 
days.  In  developed  cases  the  prognosis  must,  in  general,  be  guided 
by  the  same  considerations  as  those  which  determine  our  estimation  of 
the  probable  course  of  symptoms  of  similar  character  and  severity 
due  to  spontaneous  myelitis.  To  this  there  are,  however,  two  general 
exceptions.  First,  the  danger  of  death,  if  any  exists,  is  greater  in  trau- 
matic cases  than  in  others.  Secondly,  if  there  is  no  danger  to  life,  or 
such  danger  has  passed,the  prospect  of  improvement  is  distinctly  greater 
than  in  a  case  of  similar  features  but  of  non-traumatic  origin.  If  the 
symptoms  are  slight  or  moderate  in  degree,  approximate  recovery  may 
be  anticipated.  Often,  however,  the  recovery,  although  approximate, 
is  not  perfect.  The  patient  is  never  quite  as  strong,  quite  as  capable 
of  exertion,  as  before  the  injury.  A  cautious  prognosis  should  be  given 
whenever  there  is  the  late  and  gradual  onset  or  increase  of  symptoms 
that  suggests  a  degenerative  process.  Such  degeneration  presents  far 
less  tendency  to  arrest  or  subsidence  than  do  the  earlier  lesions. 

Treatment. — In  all  cases  in  which  spinal  symptoms  are  present 
immediately  after  an  injury,  however  slight  those  symptoms  may  be, 
absolute  rest  for  three  or  four  days  should  be  insisted  on.  This  is 
necessary  on  account  of  the  secondary  inflammation  which,  as  we  have 
seen,  so  often  occurs.    The  treatment  of  developed  symptoms  must  be 
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conducted  on  the  same  general  principles  as  in  cases  of  myelitis ; 
the  details  need  not  be  here  repeated.  If  there  is  muscular  wasting 
It  IS  miportant  that  the  nutrition  of  the  muscles  should  be  main- 
tained by  electrical  stimulation,  since  a  very  considerable  amount 
ot  ultimate  recovery  may  be  anticipated,  and  it  is  important  to  keep 
the  muscular  tissue,  as  far  as  possible,  in  a  condition  to  respond  to 
the  nervous  power  when  this  returns.  If  there  is  reason  to  believe 
that  there  is  inflammation  of  the  membranes,  or  inflammatory  effu- 
sion outside  the  cord,  compressing  it,  mercury  may  be  given,  but  this 
condition  IS  probably  much  more  rare  than  might  be  anticipated, 
ihe  influence  of  mercury  on  inflammation  of  the  substance  of  the  cord 
IS  doubtful.  The  degenerative  sequels  of  injuries  to  the  cord  need 
the  same  treatment  as  the  similar  degenerations  that  occur  apart  from 
traumatic  influences. 

The  treatment  of  the  neuralgic  condition  of  spinal  pain  and  tender- 
ness,  which  so  often  succeeds  injury,  is  frequently  difficult.  Counter- 
irritation  is  often  useful,  either  by  the  actual  cautery,  blisters,  iodine 
or  repeated  sinapisms.  Of  sedatives  Indian  hemp  is  most  effective, 
next  to  morphia,  which  should  be  used  as  seldom  as  possible.  Hypo- 
dermic injections  of  cocain  may  be  tried.  When  all  active  mischief 
is  over,  and  the  pain  has  become  purely  neuralgic,  it  is  often  neces- 
sary to  encourage  the  patient  to  neglect  it  in  some  degree,  and  to 
exert  himself  in  spite  of  it,  while  avoiding  whatever  increases  it  in 
considerable  degree  and  for  a  considerable  time. 


FUNCTIONAL  AND  NUTRITIONAL  DISEASES. 
Ftjnctional  Diseases. 

Very  little  is  known,  though  much  is  heard,  of  functional  diseases 
of  the  spinal  cord.    It  is  indeed  open  to  doubt  whether  there  are  any 
morbid  states  which  can  accurately  be  thus  designated.  Hysterical 
paraplegia  is  often  regarded  as  a  functional  affection  of  the  cord, 
because  the  symptoms  have  the  same  distribution  as  those  of  organic 
diseases  of  the  cord,  but  a  little  consideration  will  show  that,  in  a  case 
of  purely  hysterical  paraplegia,  the  morbid  functional  condition  is 
cerebral ;  the  brain-centres  which  act  on  the  legs  are  at  fault,  but  the 
condition  of  the  functions  of  the  cord  itself  may  be  absolutely  normal. 
The  spinal  motor  centres  are  in  a  state  of  inactivity,  because  the 
related  cerebral  centres  are  inactive,  but  this  is  no  more  a  diseased 
condition  of  the  cord  than  is  its  corresponding  functional  state  during 
physiological  rest.     Hysterical  paraplegia  will  be  described,  with 
other  palsies  of  like  origin,  in  the  chapter  on  hysteria. 

Isolated  disturbance  of  functional  centres  in  the  cord  does,  howevei 
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sometimes  occur.  It  is  seen  in  the  conditions  of  inhibition  which  are 
designated  "  reflex  paralyses."  Such  palsies  were  once  thought  to  be 
common  and  persistent,  but  it  has  been  proved  that  many,  and  it  is 
probable  that  all,  cases  of  considerable  and  prolonged  palsy,  formerly 
thought  to  be  of  reflex  origin,  are  due  to  organic  disease,  either 
primary  in  the  cord  or  secondary  to  an  ascending  inflammation  of 
nerves.  But  transient  paralysis  sometimes  occurs  which  cannot  be 
otherwise  explained  than  as  an  inhibition  of  a  spinal  centre  due  to 
peripheral  irritation.  Such,  for  instance,  is  the  curious  inability  to 
pass  urine  which  sometimes  follows  an  operation  on  the  anus,  the 
division  of  a  fistula,  for  instance,  or  the  removal  of  haemorrhoids. 
The  inability  may  continue  absolute  for  several  days.  Transient 
weakness  of  one  arm  is  said  sometimes  to  follow  an  operation  for 
empyema  (Lepine),  but  the  fact  that  the  weakness  may  be  attended 
by  choreoid  movements  in  both  arm  and  leg  of  one  side  (Weill) 
makes  it  probable  that  the  influence  is  exerted  on  a  cerebral  rather 
than  on  a  spinal  centre.  Considerable  paraplegia  was  thought  to  be 
sometimes  a  reflex  effect  of  disease  of  the  bladder  or  of  a  calculus  or 
other  organic  disease  in  the  kidney,  but  it  is  probable  that  such  cases 
are  always  of  organic  nature. 

Another  class  of  cases  which  may  be  regarded  as  functional  are 
those  in  which  symptoms,  commonly  subjective  in  character,  result 
from  some  morbid  blood  state.  The  conditions  which  most  frequently 
have  this  effect  are  gout  and  diabetes.  Occasionally  there  is  defi- 
nite failure  of  power,  lasting  for  a  few  days  or  weeks,  without 
objective  symptoms,  and  passing  away.  But  the  most  common 
symptoms  from  this  cause  are  sensory  and  subjective, — feelings 
of  tingling  and  formication  in  the  legs,  dull  aching,  and  sometimes 
actual  pain ;  this  is  usually  transient,  but  occasionally  continues  for 
some  days  or  weeks,  various  in  position,'but,  in  gouty  cases,  often  felt 
in  the  heels.  Such  symptoms  due  to  morbid  blood  states  occur  chiefly 
during  the  second  half  of  life.  Those  of  gotity  origin,  like  other 
symptoms  of  the  same  class,  are  especially  common  in  persons  who 
inherit  a  tendency  to  gout  but  have  not  suffered  from  attacks  of 
definite  arthritis.  The  treatment  of  these  symptoms  is  chiefly  that 
of  the  blood  state  which  causes  them,  but  they  may  be  to  some 
extent  relieved  by  sedatives,  of  which  bromide  of  potassium,  Indian 
hemp,  and  cimicifuga  are  the  most  effective. 

Nutritional  Diseases. 

Among  the  cases  often  classed  as  functional  diseases  of  the  spinal 
cord  are  some  in  which  objective  symptoms  of  dei-anged  function, 
slight  in  degree  but  definite  in  character,  persist  for  months,  years,  or 
for  life.  They  occur  chiefly  in  those  in  the  early  and  middle  period 
of  adult  life,  and  are  more  common  in  women  than  in  men.  Such 
symptoms  are  inability  to  walk  more  than  a  short  distance  without 
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fat  gue.  unpaired  nutn  ion  of  the  legs,  slight  increase  of  myotatic  irri- 
tabah  y,  often  associated  with  pain  in  the  back.  If  the  history  of  such 
symptoms  IS  traced  they  will  generally  be  found  to  date  from  some 
definite  exciting  cause,  from  an  attack  of  acute  illness,  such  as  12Z 
fever  or  acute  rheumatism,  from  pregnancy,  a  fall,  and  the  like  Tl  e 
increase  in  myotatic  irritability  is  exceedingly  common  ;  it  is  enough 

patella,  but  there  is  rarely  a  distinct  clonus,-at  most  only  two  or 
three  jerks,  quickly  ceasing.    We  can  hardly  conceive  that  s/mptoms 
which  are  so  persistent  can  .depend  on  any  mere  functional  deLge- 
ment ;  it  is  probable  that  they  depend  upon  changes  in  the  finer 
nutrition  of  the  nerve-elements.  too  slight  to  be  detected  by  the 
microscope,  causmg  a  corresponding  and  persistent  alteration  of  func- 
tion.   We  have  seen  (p.  144)  that  the  termination  of  the  upper 
segment  of  the  motor  path  is  probably  that  structure  of  the  cord 
which  has  least  nutritional  stabihty.  and  is  therefore  most  sus- 
ceptible of  nutritional  derangement.     Hence  we  can  understand 
the  frequency  with  which  there  is  an  excess  of  myotatic  irritability  in 
these  cases.    There  are  probably  gradations  between  such  conditions 
and  actual  structural  disease,  in  which  minute  examination  reveals 
visible  alteration.    We  have  already  had  occasion  to  consider  these 
nutritional  changes  as  probably  underlying  the  condition  of  arthritic 
muscular  atrophy,  and  we  have  seen  that  the  alterations  in  spinal 
nutrition  m  that  disease  are  apparently  the  result  of  the  impressions 
on  the  peripheral  nerves.     In  women  such  a  condition  is  often 
associated  with  uterine  or  ovarian  pain,  and  with  sacral  pain  appa- 
rently of  uterine  origin.    It  is  possible  that  the  condition  we  have 
been  considering  is  sometimes  secondary  to  uterine  pain,  which  acts 
m  a  manner  somewhat  analogous  to  that  in  which  joint  inflammation 
acts,  and  that  this  is  the  explanation  of  some  of  the  cases  in  which 
a  reflex  disturbance  of  the  functions  of  the  cord  has  been  supposed  to 
be  of  uterine  origin.    The  condition  is  often  associated  in  women  with 
spinal  pain  and  tenderness,  analogous  to  that  which  has  been  already 
described  as  secondary  to  mjury,  and  which  we  shall  have  acrain  to 
consider  as  a  variety  of  neuralgia.    Thus  many  cases  of  nutritional 
and  so-called  functional  derangement  of  the  cord  are  very  complex  in 
character. 

It  is  rare  for  the  indications  of  nutritional  disturbance  of  the  cord 
to  pass  away  altogether  when  they  have  once  become  established.  The 
treatment  of  this  condition  is  first  the  removal  of  any  present  cause 
of  depression  of  function,  such  as  the  diminution  of  uterine  or  spinal 
pain ;  secondly,  the  improvement  of  the  general  health  and  the  avoid- 
ance of  over-fatigue  ;  thirdly,  the  administration  of  nervine  tonics,  such 
as  arsenic,  quinine,  and  strychnia.  A  course  of  massage-treatment  is 
often  of  distinct  service. 
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^  I 

Abdominal  reflex,  137  | 
Abscess  of  spinal  cord,  236 
Accessory  hsematomyelia,  28'i 
Acute  anterior  poliomyelitis,  252,  see  Acute 
atropbic  paralysis 

—  ascending   paralysis.  275,  see  Acute 

general  paralysis 

—  atropbic  paralysis,  252 

—  myelitis,  213 
Adductors  of  thigb,  33 
Jisthesiometer,  6 
Alcobolic  ataxia,  98 

—  meningitis,  cbronic,  196 

—  neuritis,  92 

—  paralysis,  92 

—  pseudotabes,  320 

Alimentary  canal,  nerve  centres  for,  140 
Allocbeiria,  7 

—  in  tabes,  295 
Amyloid  bodies,  215 
Amyotropbic  lateral  sclerosis,  356,  377 
Ansemia  of  spinal  cord,  209 
Anjestbesia,  6 

—  dolorosa,  249 
Analgesia,  8 

Anatomical  diagnosis  in  cord  disease,  143 

Anatomy  of  spinal  cord,  105 

Aneurysm,  erosion  of  vertebra  by,  183 

Angioglioma,  417 

Angiosarcoma,  417 

Angular  curvature,  169 

"  Ankle-clonus,"  13 

Annular  myelitis,  chronic,  240 

Anode,  46 

Anterior  cornua,  anatomy  of,  108 

—  crural  nerve,  disease  of,  81 

—  ground  fibres,  123 


Anterior  mixed  lateral  zone,  122 

—  poliomyelitis,  251 

—  pyramidal  tracts,  113 

—  spinal  artery,  125 
 vein,  126 

Antero-lateral  tract,  ascending,  122 

—  —  —  degeneration  in  tabes,  311 

 —  function  of,  131 

Aracbnitis,  185 
Argyll-Robertson  pupil,  297 

Arm,  diseases  of  nerves  of,  67 
Arteries  of  spinal  cord,  125 
Arthritic  muscular  atrophy,  381,  456 
Arthritis  deformans,  184 
Articulations  of  spine,  diseases  of,  184 
Ascending  neuritis,  52 
Ataxic  paraplegia,  293,  306,  329,  341 
Ataxy,  hereditary,  349 
Ataxy,  tests  of,  292,  see  also  Inco-urdina- 
tion 

Athetosis,  double,  3_^      3  ?>4- 
Atrophic  spinal  paralysis,  251  ; 

—  paralysis,  acute,  252 

 chronic,  273 

Atrophy,  atonic,  muscular,  364 

—  of  auditory  nerve,  299 

—  of  optic  nerve,  298 

B 

Beriberi,  102 

Bladder,  centre  for,  138 

Bones  in  infantile  palsy,  258 

—  nutrition  of,  137 
Brachial  plexus,  diseases  of,  68 
"  Brain-saud,"  417 
Bronchial  crises,  303 
Burdach's  column,  106 
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C 

Calf  muscles,  centres  for,  180 

Caput  coruu  postorioris,  111 

Ci>rcinomn  of  cord,  417 

Caries  of  spiue,  disease  of  cord  in,  168 

Catheter  fever,  326 

Cauda  equina,  tumour  of,  420,  427 

Causes,  general,  of  cord  disease,  160 

Cavities  in  cord,  433 

Central  canal,  434 

Cerebro-spinal  motor  segment,  116 

Cervical  enlargement,  localisation  in,  128 

—  muscles,  centres  for,  128 

—  vertebra,  fracture  of,  167 
Charcot's  joint-disease,  301 
Cheyne-Stokes  breathing,  193 
Chronic  atrophic  paralj-sis,  273 

—  meningitis,  196 

—  myelitis,  237 

—  poliomyelitis,  356 

—  spinal  muscular  atrophy,  356 
Circumflex  nerve,  disease  of,  70 
Clark's  column.  111 

 in  tabes,  311 

Clasp-knife  rigiditj^,  150,  331 
Classification  of  cord  diseases,  160 

—  of  nervous  diseases,  1 
Clitoris  crises,  303 
Claw-like  hand,  30,  362 
Clonus,  foot,  spurious,  338 
Coarse  disease,  1 
Column  of  Burdach,  106 

—  of  Goll,  106 

—  of  Tiirck,  114 

—  posterior,  116 

—  postero-external,  117 
 -median,  117 

Combination  of  symptoms  in  cord  disease, 
154 

Comma-shaped  degeneration,  120,  310 
Commissures  of  cord,  123 
Compression-myelitis,  159 

—  of  cord,  246,  446 
Concussion-myelitis,  448 

—  of  cord,  289,  446 

Conduction  of  motion  and  sensation  in 

cord,  126,  130 
Congenital  paramyotone,  416 

—  spastic  paraplegia,  329 
Contracture,  145 
Contralateral  muscle,  23 


Convulsions  in  cord  disease,  154 
Co-ordination  of  movement,  137,  318 
Cord  symptoms  in  compression,  249 
Cornual  myelitis,  213,  252 

 subacute,  273 

Counter-irritation  in  cord  disease,  187 
Cremasteric  reflex,  129,  137 
Crises  in  tabes,  303 
Cross-legged  progression,  334 
Crossed  pyramidal  tracts,  113 
Curvature  of  spine  in  infantile  palsy,  261 
Cutaneous  reflexes,  11 
Cysticerci  of  cord,  417 

D 

Deafness  in  tabes,  299 
Deep  reflexes,  13 

Deformities  from  infantile  palsy,  259 
Degeneration,  comma-shaped,  of  cord,  120 

—  secondary,  of  nerves,  39 
Degenerations  of  cord,  285 

—  vitreous,  of  muscles,  43 
Degenerative  neuritis,  52 

—  reaction,  45 
Deiter's  cells,  107,  217 

Delay  of  sensation  in  tabes,  295 
Deltoid  muscle  and  centre,  25,  129 
Descending  degenerations,  115 
Deuteropathic  lateral  sclerosis,  377 
Development  of  cord,  433 
Diabetes,  functional  disease  from,  455 
Diagnosis,  pathological,  158,  161 
Diaphragm,  centre  for,  128 

—  paralysis  of,  65 
DifEuse  myelitis,  212 
Diphtheritic  neuritis,  91 
Direct  cerebellar  tract,  113,  121 

—  pyramidal  tract,  113 
Dislocation  of  spine,  164 
Disseminated  myelitis,  213 
— '  neuritis,  91 

Divers'  paralysis,  280 
Dorsal  reflex,  137 

—  vertebrte,  fracture  of,  167 
Double  athetosis,  334 

Dura  mater,  tumours  of,  420 
Dynamometer,  4 
Dyssesthesia,  8 

E 

Echinococci,  417 

Elbow,  flexors,  centres  for,  129 
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Electrical  irritability,  19 
Electricity  in  tabes,  326 
Embolism  of  cord,  236 
Embryonal  tissue,  434 
Empyema,  paralysis  from,  455 
Enchoudroma  of  cord,  417 
Endemic  neuritis,  102 
Essential  paralysis  of  children,  252 
Excentric  pain,  148 
Exostoses,  vertebral,  182 
Extensors  of  fingers,  28 

—  of  foot,  34 

—  of  knee,  33 

—  —  nerve  centres  for,  130 

—  of  wrist,  27 

 nerve  centres  for,  129 

External  meningitis,  186 

—  ophthalmoplegia,  298 

—  popliteal  nerve,  disease  of,  82 
Extradural  tumours  of  cord,  417 
Extrameningeal  haemorrhage,  205 
Eyeballs,  reflex  fixation  of,  365 
Eye  symptoms  in  tabes,  297 

F 

False  neuroma,  60 

Family  tendency  to  ataxy,  350 

Faradaism,  20 

—  in  infantile  palsy,  258 
Fibrillation  of  muscle,  364 

Fifth  nerve,  degeneration  of,  in  tabes,  313 

Fissures  in  cord,  433 

Flat-foot,  35 

Flexors  of  elbow,  27 

 nerve  centres  for,  129 

—  of  fingers,  28 

—  of  foot,  35 

—  of  knee,  34 

—  —  nerve  centres  for,  130 

—  of  wrist,  27 

Focal  haemorrhage,  283 

—  myelitis,  212 

—  sclerosis  of  cord,  242 

Foot- clonus,  nerve  centre  for,  137 

—  muscles,  35 

 nerve  centres  for,  130 

Fracture  of  spine,  164 
Fractures,  spontaneous,  of  bone,  301 
Friedreich's  disease,  349,  nee  Hereditary 
ataxy 

Functional  disease,  1,  160,  454 


Functions  of  cord,  126 

 mutual  relations  of,  141 

G 

Gait  in  paraplegia,  332 

—  in  pseudo-hypertrophy,  391 

—  in  tabes,  291 
Gastric  crises,  302 
Gelatinous  grey  substance,  107 
General  causation  of  cord  disease,  160 

—  paralysis  aud  tabes,  320 

—  spinal  paralysis,  243 
"  Girdle  "  pain,  148 
Glia  cells,  107 
Glioma  of  cord,  417 
Gliomatosis,  436 
Gluteal  reflex,  137 
Goll's  column,  106 
Gonorrhceal  rheumatism,  194 
Gout,  functional  disease  from,  455 
Granular  degeneration  of  muscles,  369 
Grey  commissure,  124 

—  degeneration  of  cord,  309 

—  substance,  1.07 

Growths  in  spinal  column,  179 
Guinea-pig,  epileptic,  154 
Gunshot-wounds  of  cord,  446 

H 

Hsematomyelia,  281 

Hsematorrhachis,  204,  see  Spinal  haemor- 
rhage 

Hasmorrhage  into  cord,  281,  441,  447 
Haemorrhagic  myelitis,  214 
Hand  muscles,  28 

—  —  nerve  centres  for,  128 
Hemiatrophy  of  tongue,  299 
Heraiparaplegia,  156 
Hereditary  ataxy,  349 

Hip  muscles,  32 

 nerve  centres  for,  129 

Hydatid  disease  of  spine,  183 
Hydromyelia,  433 
Hydrorrhacis  interna,  433 
Hyperaemia  of  cord,  209 
Hypercesthesia,  8 

—  in  cord  disease,  147 
Hyperalgesia,  8 

—  in  cord  disease,  147 
Hypertrophic  pachymeningitis,  198,  430 
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Hypertrophy  of  muscle,  411 
Hypochondriasis,  452 
Hysterical  paraplegia,  454 

I 

Idiopathic  muscular  atrophy,  386,  402 
Inco-ordiuatiou,  mechanism  of,  31G 

—  of  movement,  5 

 iu  cord  disease,  145 

Infantile  paralysis,  252 
Inflammation  of  cord,  212 

—  of  membranes  of  cord,  185 

—  of  nerves,  52 
Injuries  of  spine,  163 
Injury  to  nerves,  44 
Intermediate  grey  substance,  108 

—  group  of  cells,  110 

—  process,  110 

—  septum  of  cord,  116 
lutermedio- lateral  tract,  110 
Intei-nal  meningitis,  189 

—  —  chronic,  196 

—  popliteal  nerve,  disease  of,  82 
Interstitial  neuritis,  52 
Intrameningeal  haemorrhage,  205 
Intraspinal  tumours,  416 
Irritability,  electrical,  of  nerve  and  muscle, 

20 

—  faradaic  and  voltaic,  45 

Irritative  degeneration  of  pyramidal  fibres. 
151 

J 

Jaw-jerk,  150,  333 

Joints  in  infantile  palsy,  259 

—  in  tabes,  301 

—  nutrition  of,  138 
Juvenile  muscular  atrophy,  404 

K 

Kakke,  102 
Kathode,  46 

Kidney  disease  in  ataxic  paraplegia,  349 

 in  tabes,  305 

Knee-jerk,  11 

—  centre  for,  137 

—  in  diphtheria,  321 

—  iu  pseudo-hypertrophy,  394,  399 

—  in  tabes,  296 


L 

Laceration  of  cord,  446,  449 
Landry's  paralysis,  275 
Lateral  limiting  layer,  113,  122 

—  tracts,  113 

Latissimus  dorsi  iu  pseudo-hypertrophy, 
389 

Leg,  disease  of  nerves  of,  83 
Leprous  neuritis,  91,  103 
Lepto-meningitis,  185 
Lightning  pains,  293 
Lipoma  of  cord,  417 
Lipomatous  muscular  atrophy,  380 
Localisation  of  function  in  cord  127 
Localised  electrisation,  386 
Locomotor  ataxy,  287 
Lordosis  in  idiopathic  muscular  atrophy 
406 

—  in  progressive  muscular  atrophy,  363 

—  in  pseudo-hypertrophic  paralysis,  393 
Lumbar  enlargement,  localisation  in,  129 

—  plexus,  diseases  of,  81 
Lurabricales  of  foot,  37 

—  of  hand,  29 

M 

I 

Main-en-grifPe,  30 

Massage  in  pseudo-hypertrophic  palsy,  401 
'  Mechanical  appliances  in  palsy,  272 
Median  nerve,  disease  of,  74 
Membranes  of  cord,  diseases  of,  185 
Meningitic  streak,  425 
Meningitis,  spinal,  185 
Middle  form  of  reaction  of  degeneration,  21 
Motor  over-action, 

—  segments,  upper  and  lower,  116 
 diseases  of,  144 

—  symptoms,  3 

—  —  in  cord  disease,  143 

 in  tabes,  291 

Multiple  neuritis,  52,  91 

—  neuroma,  62 

—  tumours  of  cord,  418 
Muscle-veflex  centres,  physiology  of,  136 
Muscles,  action  and  paralysis  of,  22 

j  —  nutrition  of,  137 
Muscular  anajsthesia  in  tabes,  317 

—  atrophy,  chronic  spinal,  356 

—  —  from  overuse,  385 

—  hypertrophy,  411 
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Miisculo-cutaneous  nerve,  disease  of,  71 

—  spiral  nerve,  disease  of,  74 
Myelitis,  212 

Myolipoma  of  cord,  417 
Myopathic  atrophy,  386 

—  face,  405 
Myosis,  spinal,  297 
Myotatic  contractions,  17 

—  irritability  in  arthritic  muscular  atro- 

phy, 382 
Myxomata  of  cord,  417 

N 

Nephralgic  crises,  303 
Nerve  injury,  symptoms  of,  44 

—  stretching  in  tabes,  327 
Nerves,  diseases  of,  38 
 special,  65 

—  of  arm,  combined  palsies  of,  76 

—  of  lower  limb,  80 

—  of  upper  limb,  66 
Nervi  nervorum,  39 
Nervousness,  452 
Neuritis,  52 

—  migrans,  52 

—  multiple,  91 
Neuroglia,  structure  of,  107 

—  development  of,  434 
Neuroma,  60,  417 
Nucleus,  post-pyramidal,  117 
Nutritional  disease  of  cord,  160,  455 

—  diseases,  2 

Nutritive  changes  in  muscles,  43 
0 

Occupation  neuroses,  79 
(Edema,  vasomotor,  425 
Onset,  modes  of,  in  cord  disease,  161 
Optic  nerve  atrophy,  298 
Overflow  incontinence,  153 
Over-use,  muscular  atrophy  from,  385 
Organic  disease,  1 

—  diseases  of  cord,  160 

P 

Pachymeningitis,  185 
Pain,  conduction  of,  in  cord,  132,  147 

—  sensibility  to,  7 
Pains,  excentric,  radiating,  14-8 


Palsy,  types  of,  261 

Paradoxical  muscular  contraction,  17 

Paraesthesia,  8 

Paralysis,  acute  ascending,  275 

—  from  increased  atmospheric  pressure, 

280 

—  of  muscles,  22 
Paramyotone  congenitale,  416 
Paraplegia,  ataxic,  341 

—  dolorosa,  180 

I  —  spastic  primary,  327 
Parasitic  tumours  of  cord,  417 
Parenchymatous  myelitis,  237 

—  neuritis,  52 

Pathological  diagnosis  in  cord  disease,  158 
i  Perforating  ulcer  of  foot,  300 

Perimeningitis,  186 

Perineuritis,  38 

Peripachymeningitis,  186 
I  Peripheral  nerves  in  tabes,  313 

Phrenic  nerve,  disease  of,  65 

Plantar  nerves,  disease  of,  82 

—  reflex,  137 

Plaster-of-Paris  jackets  in  Pott's  disease, 
175 

Plexiform  neuroma,  61 
Poliomyelitis,  212 

—  chronic  and  subacute,  273,  356 
Polysesthesia,  7,  295 
Polyneuritis,  91 

Popliteal  nerves,  diseases  of,  82 
Posterior  column,  function  of,  132 

—  ground  fibres,  120 

—  pyramid  of  medulla,  119 

—  root-fibres,  124 
 -zone,  120 

—  sclerosis,  287 

—  spinal  vein,  125 

—  thoracic  nerve,  disease  of,  69 

—  vesicular  tract.  111 
Postero-external  column,  source  of  fibres 

of,  120 

—  median  column,  source  of   fibres  of 

117,  119 
Post-pyramidal  nucleus,  117 
Posture,  loss  of  sense  of,  157,  317 
Pott's  disease,  168 
Pressure  myelitis,  418 
Primary  htematomyelia,  282 

—  lateral  sclerosis,  327 

—  multiple  neuritis,  52 

—  spastic  paraplegia,  327 
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Primitive  canal  of  cord,  436 
Progressive  muscular  atrophy,  304,  356 
Pronators,  27 

—  nerve  centres  for,  129 
Pseudo-hypertropliic  paralysis,  386 

 mode  of  rising  in,  391 

Pseudo-paralysis,  249 
Ptosis  in  tabes,  297 
Pupil  in  cord  disease,  152 
Pyramidal  fibres,  116 

—  tracts  in  progressive  muscular  atrophy, 

373 

 mode  of  ending  in  cord,  116 

Pyrexia  in  cord  disease,  154 


E 

Rachialgia,  147 

Radiating  pains,  148 

Railway  spine,  449 

Reaction  of  degeneration,  21,  45 

 in  infantile  palsy,  258 

Rectal  crises,  303 
Rectum,  centre  for,  138 
Red  softening  of  cord,  214 
Reflex  action,  10 

 two  kinds  of,  in  cord,  135 

Reflexes,  superficial,  11 
Reflex  paralysis,  455 

—  spasm,  150 
Regeneration  of  nerves,  43 
Regressive  period  of  infantile  palsy,  262 
Representation  of  movements  in  cord,  127 
Rheumatic  neuritis,  53 

Rheumatism  of  dorsal  muscles,  194 
Rigidity  clasp-knife,  150 

—  in  arthritic  muscular  atrophy,  383 

—  in  progressive  muscular  atrophy,  365 
Romberg's  symptom,  291 
Root-fibres,  course  of,  124 

—  symptoms  in  compression  of  cord,  249 

—  -zone,  434 

S 

Sacral  plexus,  diseases  of,  81 
Sarcoma  of  cord,  417 
Scapular  reflex,  137 
Sciatica,  84 

Sciatic  nerve,  disease  of,  82 
Sclerosis,  annular,  240 

—  in  chronic  muscular  atrophy,  372 

—  lateral,  327 


Sclerotic  myelitis,  242 
Secondary  ataxy,  250 

—  degeneration  of  nerves,  39 

—  hajuiatomyelia,  282 

—  tabes,  290 

Sensation,  rhythmical  recurrence  of,  295 
Sensations,  spontaneous,  148 
Sensory  conduction  in  cord,  130 

—  symptoms,  6 

 in  cord  disease,  146 

 in  tabes,  293 

Sexual  act  in  tabes,  296 

—  functions,  centres  for,  140 
Shoulder-joint  muscles,  23 
 centre  for,  128 

Simple  idiopathic  muscular  atrophy,  402 
Skin,  nutrition  of,  138 

—  representation  of,  in  cord,  132 
Slender  column  in  tabes,  327 
Softening  of  cord,  212 

Spasm  in  cord  disease,  145 

—  progressive  muscular  atrophy,  365 
Sphincter  ani,  centre  for,  138 
Sphincters,  paralysis  of,  152 

"  Spider  "  cells,  217 
Spina  bifida,  443 
Spinal  cord,  anatomy  of,  105 
 blood-supply  of,  125 

—  curvature  in  pseudo-hypertrophic  palsy, 

393 

—  epilepsy,  151,  331 

—  hemiplegia,  156 

—  irritation,  147 

—  meningeal  haemorrhage,  204 

—  meningitis,  185 

—  muscular  atrophy,  chronic,  356 

—  pain,  451 

Spine,  diseases  of  articulations  of,  184 

—  fracture  of,  164 

—  injuries  of,  163 

—  syphilitic  disease  of,  182 
Spino-muscular  motor  segment,  116 
Spongy  grey  substance  of  cord,  108 
Spontaneous  fractures,  301 

—  movements,  5 

—  sensations,  148 
Stabs  of  cord,  446 
Stretching  nerves  in  tabes,  327 
Structural  diseases,  1 

 of  cord,  160 

Subacute  myelitis,  212 
Subdural  tumours,  417 


Index. 


463 


Symptoms,  mode  of  investigation  of,  3 
Syphilis  as  cause  of  spinal  degenerations, 
289 

 tabes,  288 

Syphilitic  disease  of  spine,  182 

—  meningitis,  201 
Syphilomata  of  cord,  417 
Syringomyelia,  242,  422,  433 
System  diseases,  285 

T 

Tabes  dorsalis,  287 
Tabetic  foot,  302 

—  multiple  neuritis,  91 

—  ptosis,  298 
Tache  cerebrale,  425 
Tactile  sensibility,  6 
Talipes  in  infantile  palsy,  259 

—  pseudo-bypertrophic  palsy,  393 

—  varieties  of,  26,  35 
"Tea-kettle  calves,"  388 
Temperature  sensations,  path  of,  in  cord, 

134 

—  sensibility  to,  8 
Tendon-reflexes,  11 
 theory  of,  13 

Tenotomy  in  pseudo-hypertrophy,  402 
Tetanoid  rigidity  in  progressive  muscular 

atrophy,  365 
Thenar  muscles,  centres  for,  129 
Thomsen's  disease,  411,  412 

 and  pseudo-hypertrophy,  395 

Thumb  muscles,  30 

Tonic  atrophy  of  muscles,  364,  377 

Torticollis  paralytic,  23 

Total  transverse  lesion,  symptoms  of,  154 

Tract,  antero-lateral  ascending,  122 

—  direct  cerebellar,  113 

—  posterior  vesicular.  111 
Tracts,  pyramidal,  113 
Transient  symptoms  in  tabes,  319 
Transverse  myelitis,  212 
Traumatic  hsematomyelia,  282 

—  lesions  of  cord,  446,  449 

—  spinal  neuralgia,  451 
Trophic  disorders,  51,  151 

—  influence  of  cord,  137 

—  lesions,  18 


True  neui'oma,  60 
Tubercula  dolorosa,  61 
Tubercular  meningitis,  191 

—  tumours  of  cord,  417 
Tumours  of  cord,  179,  416 

Types  of  idiopathic  muscular  atrophy,  403 
 palsy,  261 

U 

Ulnar  nerve,  disease  of,  75 
Ultimum  moriens  of  Duchenne,  360 
Unilateral  lesions  of  cord,  symptoms  of, 
156 

Upper-arm  type  of  palsy,  261 
Urethral  crises. 

Uterine  disease  as  a  cause  of  cord  disease, 
456 

—  functions,  centres  for,  140 

V 

Vacuolation  of  nerve-cells,  217 
Vascular  thickening  in  tabes,  312 
Vasomotor  centres,  140 

—  disorders,  51,  151 
Veins  of  cord,  125 

Vertebrae,  cervical,  fracture  of,  167 
Vertebral  column,  diseases  of,  163 
Vertebrae,  erosion  of,  183 
Vertebral  exostoses,  182 
Vesical  crises,  303 
Visceral  control,  138 

—  disturbances  in  cord  disease,  152 

—  pains  in  tabes,  294 

—  symptoms  in  tabes,  302 
Vitreous  degeneration,  43,  369 

Voltaic  irritability  in  infantile  palsy,  258 
Voltaism,  21 

W 

I  Walleriau  degeneration,  39 
Wasting  palsy,  356 
Westphal's  symptom,  296 
White  commissure  of  cord,  123 

—  substance  of  cord.  111 

I  Y 
I  Yellow  softening,  214 
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